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1.  0  INTRODUCTION /EXECUTIVE  SUMMARY 


The  at-sea  test  and  evaluation  of  commercially  available  oxygen  (O^,) 
analyzers,  was  conducted  under  the  sponsorship  of  the  U.  S.  Maritime  Ad¬ 
ministration's  Office  of  Research  and  Development  and  with  the  cooperation 
of  1-ykes  Brothers  Steamship  Company,  Inc.  ,  the  operator  of  the  test  ves¬ 
sel.  1  he  results  ot  this  endurance  test  and  evaluation  provided  consid¬ 
erable  data  that  formed  a  basis  for  identifying  and  specifying  require¬ 
ments  for  continuous  reading  boiler  flue  gas  oxygen  content  analyzers 
suitable  tor  service  in  the  rigorous  shipboard  environment. 


1.  1  Scot 


The  at-sea  endurance  testing  of  eight  (8)  commercially  available  con¬ 
tinuous  reading  oxygen  (O^)  analyzers  conducted  onboard  the  general 
cargo  vessel  S.  S.  STELLA  LYKES  from  April,  1980,  through  Janu¬ 
ary,  1981,  was  based  on  a  detailed  analysis  and  screening  of  currently 
available  analyzer  systems,  the  development  of  test  requirements, 
methodology  and  criteria  and  the  successful  implementation  of  a  five 
(5)  phased  program  technical  approach  as  presented  in  detail  in  Section 
l.  0  of  this  report.  Initially,  fifty  (50)  analyzers  of  different  manufac¬ 
ture  were  screened.  They  can  be  categorized  generically  according  to 
sensing  principle  including  wet  chemical,  electro-chemical,  paramag¬ 
netic,  thermo-magnetic  and  zirconium  oxide.  Early  on  it  became  in¬ 
creasingly  evident  from  a  review  of  analyzer  design,  experience  obtain¬ 
ed  from  applications  similar  to  marine  boilers  and  user  interviews  that 
the  zirconium  oxide  based  analyzers  of  the  extractive  and  in-situ  types 
represented  the  test  technology  currently  available  for  shipboard  appli¬ 
cation.  (Extractive  units  are  placed  external  to  the  boiler  uptake  and 
require  an  air  asperated  eductive  loop  to  draw  a  sample  of  flue  gas  out 
of  the  stack  across  the  cell  and  back  into  the  stack.  In-situ  units  place 
the  cell  directly  in  the  flue  gas  path  in  the  uptake.  )  The  eight  (8)  ana¬ 
lyzers  finally  selected  for  endurance  testing  were  zirconium  oxide  based 
analyzers. 

The  evaluation  was  conceived  and  implemented  as  an  endurance  test. 

The  analyzers  were  installed  in  the  boiler  uptakes  sampling  dirty  flue 
gas  and  were  evaluated  continuously  over  a  ten  (10)  month  period  under 
typical  shipboard  operating  conditions  and  monitored  and  supported  by 
shipboard  operating  personnel,  as  opposed  to  a  rigorously  controlled 
shoreside  laboratory  evaluation.  Each  analyzer's  output  (%  O2)  was 
recorded  continuously  by  an  automatic  data  logging  system  designed 
specifically  for  this  evaluation.  Other  quantitative  and  qualitative  data 
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was  recorded  manually  on  a  scheduled  frequency.  This  accumulated 
data  became  the  basis  on  which  the  program's  objectives  were  form¬ 
ulated  and  achieved.  The  technical  approach  taken  was  that  of  a  time 
phased  program  consisting  of  the  following  program  tasks. 


Task  1: 
Task  2: 
Task  3: 
Task  4 : 
Task  5: 


Development  of  Test  and  Evaluation  Methodology 

Selection  and  Procurement  of  Oxygen  Analyzers 

Installation  of  Oxygen  Analyzers 

Extended  Endurance  Testing  of  Oxygen  Analyzers 

Development  of  Performance  Data  and  Criteria 
(Specification)  for  Shipboard  Oxygen  Analyzers 


Tasks  1  through  4  of  the  technical  approach  are  described  in  detail  in 
Section  2.  0  of  this  report,  while  Task  5  is  addressed  in  Sections  3.  0 
and  4.  0. 


1.  2  Objective 

The  nature  of  the  testing  carried  out  was  that  of  a  "real  world"  in-serv¬ 
ice  evaluation  of  analyzers  whose  implementation  in  related  shoreside 
applications  have  proven  successful  but  for  which  there  was  little  or  no 
data  and  experience  available  from  marine  boiler  installations.  The  over¬ 
all  objective  of  the  program  was  not  to  evaluate  each  analyzer  individual¬ 
ly  and  against  one  another  to  establish  an  order  of  ranking  but  to  identify 
and  document  both  the  positive  and  negative  features  and  aspects  of  each 
machine.  This  information  was  then  used  to  develop  a  recommended  spec¬ 
ification  for  a  marinized  version  of  a  continuous  reading  zirconium  oxide- 
based  oxygen  analyzer  which  adequately  addresses  and  identifies  those  re¬ 
quirements  peculiar  to  a  typical  shipboard  propulsion  system  operating 
environment.  A  specification  was  developed  from  information  obtained 
and/or  categorized  under  the  following  criteria. 

(1)  In-Service  Performance 

(2)  Repeatability 

(3)  Calibration  and  Recalibration  Requirements 

(4)  Maintainability 
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I 

(5)  Repairability 

(6)  Environmental  Influences 

(7)  Presentation  of  Reading/Information 

Paragraph  4.  2  of  this  report  presents  a  recommended  specification  for 
the  procurement  and  shipboard  application  of  continuous  reading  pirc- 
onium  oxide  based  oxygen  (O^)  analyzers. 


I,  3  Summary  of  Results 

Of  the  eight  (8)  analyzers  evaluated  in  this  program  five  (5)  operated 
without  failure  throughout  the  ten  (10)  month  shipboard  endurance  test 
phase  yielding  continuous  test  data.  Of  the  three  (3)  units  which  exper¬ 
ienced  failures,  the  duration  of  time  during  which  they  were  not  function¬ 
ing  was  67%,  46%,  and  16%  for  which  disabling  causes  were  determined 
to  be  a  plugged  sample  gas  asperator  tubing  circuit,  repetitive  failure 
of  a  cell  heater  temperature  control  circuit  and  a  control  cabinet  electron¬ 
ic  malfunction. 

Of  the  five  (5)  units  that  remained  in  operation  continuously  without  the 
need  for  factory  service  due  to  failure,  no  single  unit  on  the  basis  of  ev¬ 
aluation  criteria  listed  in  Paragraph  1.  3  was  found  to  be  completey  suited 
for  marine  service.  However,  all  eight  (8)  units  with  modification  ->r  ad¬ 
justment  during  manufacturing  and/or  in  the  field  at  the  time  of  installa¬ 
tion,  could  meet  the  specification  requirements  developed  as  a  result  of 
this  program. 

The  at-sea  test  and  evaluation  of  oxygen  analyzers  demonstrated  that  the 
zirconium  oxide  based  oxygen  sensing  principle  coupled  with  state-of-the- 
art  miniaturized  electronic  components  and  circuitry  for  display  and  sig¬ 
nal  conditioning,  properly  specified  and  selected,  can  offer  a  reliable  low 
cost  (under  $8,  000.  00  installed  per  boiler)  method  for  <.  octinuously  mon¬ 
itoring  the  oxygen  content  (excess  air  level)  in  exhaust  gas  from  marine 
boile  rs . 


1.4  Marine  Boiler  Flue  Gas  Analysis  Background  and  Benefits 

The  analysis  of  boiler  stack  gas  for  its  content  of  various  components 
such  as  carbon  dioxide  (CO2)  or  oxygen  (O2)  as  indicators  of  excess  air 
(see  Figure  1.  1)  supplied  for  the  combustion  of  fuel  in  the  furnace  and 
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boiler  efficiency,  in  conjunction  with  stack  temperature,  has  long  been 
an  accepted  standard  both  ashore  and  for  marine  boilers.  Historical¬ 
ly,  CO^  content  in  the  stack  gas  has  been  used  as  the  primary  indicat¬ 
or  of  excess  air  supplied  for  combustion  and  ultimately,  boiler  effic¬ 
iency.  However,  oxygen  content  in  flue  gas  as  an  indicator  of  excess 
air  offers  a  significant  advantage  over  CO^  in  that  its  value  as  a  per¬ 
centage  of  a  sample  volume  of  fuel  gas  is  independent  of  the  carbon 
hydrogen  weight  ratio  of  the  fuel  oil  being  burned.  As  can  be  seen  from 
Figure  l.£,  at  15%  excess  air  the  CO^  indication  in  the  flue  gas  varies 
by  1.8%  when  the  carbon-hydrogen  ratio  changes  from  6  to  10.  From 
the  same  carbon-hydrogen  ratio  change,  the  indication  in  the  flue 
gas  varies  by  0.  06%.  The  oxygen/excess  air  relationship's  insensitiv¬ 
ity  to  the  carbon-hydrogen  weight  ratios  in  the  fuel  being  burned  is  es¬ 
pecially  important  when  considering  it  for  marine  boiler  flue  gas  analy¬ 
sis.  This  is  due  to  the  fact  that  a  steam  ship  can  expect  to  bunker  and 
burn  oils  of  greatly  varying  quality  with  a  wide  range  of  hydrogen  con¬ 
tent  due  to  the  transient  nature  of  vessel  operation  and  the  usual  lack  of 
a  detailed  analysis  of  the  qualities  and  characteristics  of  the  fuel  being 
supplied.  Since  burners  are  designed  to  fire  at  specified  excess  air  lev¬ 
els,  knowledge  of  the  excess  air  level  in  the  flue  gas  is  important  to 
detect  burner  problems  and  off-design  operation  which  reduces  boiler 
effic  iency. 

From  a  boiler  operating  standpoint  the  ability  to  read  or  monitor  excess 
air  levels  continuously  offers  significant  assistance  and  advantage  in  keep¬ 
ing  boiler  efficiency  at  or  near  optimum.  Until  very  recently  most  svstctn 
for  measuring  both  CO^  and  O2  content  in  the  flue  gas  as  an  excess  air 
indicator  were  not  suitable  for  monitoring  these  parameters  on  a  contin¬ 
uous  basis.  Usually  these  readings  were  taken  once  daily  aboard  ship 
utilizing  a  wet  chemical5''  analysis  system.  The  frequency  with  which 
these  readings  were  taken  and  practical  problems  associated  with  main¬ 
taining  the  sampling  system  and  chemicals  made  this  approach  virtually 
impossible  to  apply  to  boiler  operation  on  a  continuous  basis.  Improve¬ 
ments  in  the  reliability  of  continuous  reading  devices  for  flue  gas  oxygen 
content  analysis  were  developed.  These  consisted  mostly  of  paramagnet¬ 
ic  and  e lect ro -chemical  analyzers  which  required  extensive  filtering, 
cooling  and  drying  sub-systems  to  condition  the  gas  prior  to  flowing  it 
across  the  primary  sensor.  These  systems  because  of  the  constant  main¬ 
tenance  required  still  presented  severe  problems  in  terms  of  operational 
reliability.  The  development  of  the  zirconium  oxide  based  oxygen  ana¬ 
lyzer  sensing  principle  for  dirty  gas  applications  coupled  with  state-of- 
the-art  electronics  technology  over  the  past  five  (5)  years  has  greatly 
improved  the  operational  reliability  of  continuously  reading  oxygen  ana¬ 
lyze  rs . 

NOTH:  Orsat  measures  "dry. 11  Wet  refers  to  the  chemical  reagents. 
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However,  this  recent  improvement  in  flue  gas  analysis  technology  was 
not  accomplished  without  some  economic  incentive.  For  boiler  flue  gas 
monitoring  applications,  this  impetus  has  been  the  very  steep  increase 
in  the  cost  of  fuel  oils  commonly  employed  as  boiler  fuels  (approximate¬ 
ly  30%  per  annum  over  the  past  eight  (8)  years).  Simply  stated  for  a 
clean  boiler  operating  at  fixed  steaming  rate,  supplying  air  flow  for  com¬ 
bustion  which  exceeds  design  values  required  for  proper  combustion  and 
heat  transfer  (typically  15%  excess  air  or  3%  for  a  marine  boiler) 
wastes  fuel.  This  inefficiency  results  from  the  fact  that  the  air  supplied 
in  excess  of  design  requirements  enters  the  furnace,  is  heated  by  the 
combustion  process  and  carries  heat  up  the  stack  and  out  of  the  boiler. 
Under  normal  design  conditions  this  heat  would  have  been  transferred  to 
water  in  the  boiler  tubes  to  generate  steam.  For  every  15%  of  air  sup¬ 
plied  to  a  marine  boiler  for  combustion  in  excess  of  design  requirements, 
a  one  (1)  percent  decrease  in  boiler  efficiency  occurs  (or  a  1%  increase 
in  fuel  consumption).  In  a  clean  boiler  this  condition  can  usually  be  cor¬ 
related  with  an  increase  in  final  stack  temperature  above  the  design  val¬ 
ue  as  illustrated  in  Figure  1.  3.  For  a  ship  similar  to  the  test  vessel, 
the  S.  S.  STELLA  LYKES,  the  installation  of  analyzers  similar  to 
any  of  those  evaluated  in  this  program  and  which  allowed  the  operators 
to  reduce  excess  air  by  15%  would  result  in  a  fuel  consumption  reduction 
equivalent  to  $30,  000.  00  per  year  based  on  calculations  considering  only 
operation  at  sea  for  222  days  per  year.  This  savings  would  pay  for  the 
cost  of  a  typical  installation  in  less  than  six  (6)  months. 

The  reduction  of  excess  air  supplied  for  combustion  also  provides  other 
more  subtle  benefits.  These  result  primarily  from  a  reduction  in  the 
amount  of  free  oxygen  available  to  initiate  fouling  and  corrosion  of  hot¬ 
ter  boiler  superheater  surfaces  (see  Figure  1.4).  Fouling  and  corrosion 
attack  of  the  colder  economizer  surfaces  as  a  result  of  oxidation  of  sul¬ 
fur  due  to  the  availability  of  free  oxygen  contained  in  the  flue  gas  and  the 
subsequent  formation  and  condensation  of  sulfuric  acid  in  these  cooler 
boiler  regions  is  also  reduced.  This  relationship  is  illustrated  in  Fig¬ 
ure  1.5  as  a  function  of  sulfuric  acid  dewpoint  and  excess  air  levels. 

The  reduction  of  boiler  heat  exchange  surface  fouling  and  corrosion  will 
also  provide  additional  savings  in  maintenance  and  repair  costs,  vessel 
outage  due  to  boiler  related  problems  and  potentially  longer  boiler  com¬ 
ponent  life. 
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FIGURE  1.3 

BOILER  EFFICIENCY  vs  STACK  TEMPERATURE  AS  A  FUNCTION 
OF  EXCESS  AIR  FOR  TYPICAL  MARINE  BUNKER  C  FUELS 
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SULFUR  CONTE 


2.  0  PROGRAM  BACKGROUND,  REQUIREMENTS  AND  TECHNICAL 

APPROACH 


2.  1  Background 

As  detailed  previously  in  Section  1.  0,  the  technical  and  economic  justif- 
ification  has  been  well  established  for  the  continuous  monitoring  of  stack 
gas  oxygen  (O^)  content  as  a  means  of  quantifying  and  as  an  aid  for  con¬ 
trolling  excess  air  levels  employed  in  boiler  combustion  processes.  This 
experience  has  primarily  been  obtained  from  the  application  of  continuous 
monitoring  O ^  analyzers  to  sho  reside  utility  and  process  boilers  and  more 
recently  from  limiieu  marine  boiler  installations.  While  as  mentioned  in 
Section  1.  0,  the  eight  (8)  oxygen  analyzers  ultimately  selected  for  at-sea 
endurance  testing  and  evaluation,  were  zirconium  oxide  based  units,  the 
fifty  (50)  com  a  :  ■  rc  ia' ly  available  units  initially  screened  and  evaluated 
for  inclusion  in  this  project  ran  a  wide  gamut  in  terms  of  basic  operating 
principles  and  Ties. 


2.  1.  1  Redefinition  of  Program  Scope 

The  initial  scope  of  this  program  as  specified  and  as  contracted  includ¬ 
ed  the  review  and  consideration  of  all  types  of  commercially  available 
oxygen  analyzers,  regardless  of  the  theory  or  principle  of  operation, 
that  had  a  potential  for  monitoring  oxygen  content  (excess  air)  in  the  ex¬ 
haust  gases  of  residual  oil  fired  marine  boilers.  Early  on  in  the  con¬ 
duct  of  this  review  it  became  evident  that  the  current  and  evolving  state- 
of-the-art  for  monitoring  oxygen  content  as  an  indicator  of  excess  air  in 
the  exhaust  gas  from  power  and  process  boilers  was  based  on  the  use  of 
the  zirconium  oxide  coated  ceramic  cell  as  a  primary  sensor  supported 
by  high  technology  electronic  signal  conditioning  and  display  sub-systems 
This  basic  package  was  found  to  be  manufactured  by  a  number  of  differ¬ 
ent  companies  and  in  wide  use  ashore  in  numberous  utility  and  industrial 
applications.  The  zirconium  oxide  based  analyzer  offered  a  high  degree 
of  reliability,  compactness,  ease  of  installation  and  operation  and  an  in¬ 
dication  of  exhaust  gas  oxygen  content  on  a  continuous  basis  as  determin¬ 
ed  from  contact  with  users  and  manufacturers.  Finally,  there  was  con¬ 
siderable  experience  and  knowledge  in  the  maritime  community  concern¬ 
ing  the  application  of  wet  chemical,  elect ro -chemica  1 ,  paramagnetic  and 
thermomagnetic  systems  for  oxygen  content  monitoring  in  the  flue  gases 
of  marine  boilers.  Generally,  this  experience  had  been  negative. 


Taking  into  account  present  state-of-the-art  systems,  ease  of  installa¬ 
tion,  and  other  factors,  a  decision  was  made  to  pursue  an  evaluation  of 


those  commercially  available  zirconium  oxide  based  oxygen  analyzers 
in  generic  terms.  The  remainder  of  this  section  presents  in  detail 
background,  requirements,  and  the  technical  approach  employed  in 
meeting  the  program's  objectives. 


2.  1.  2  Sensor  Types 

The  analyzers  and  analyzer  systems  reviewed  during  the  selection 
sub-task  of  the  program  can  be  grouped  in  the  following  categories  bas¬ 
ed  on  their  operating  principles  and  theories;  wet  chemical,  electro¬ 
chemical,  paramagnetic,  thermomagnetic  and  zirconium  oxide.  Other 
methods  for  oxygen  analysis  such  as  gas  chromatography  were  only 
briefly  investigated  and  eliminated  from  consideration  due  to  such  fac¬ 
tors  as  delicate  design,  limited  application  in  such  areas  as  scientific 
and  medical  laboratory  service  and  in  most  instances  agreement  by  man¬ 
ufacturers  that  these  systems  were  not  suited  for  marine  boiler  stack 
gas  analysis  service.  A  brief  description  of  the  first  four  (4)  types  and 
their  typical  applications  and  limitations  are  presented  below  followed 
by  a  detailed  description  of  the  zirconium  oxide  based  principle  for 
sensing  oxygen  content  in  the  sampled  gas.  In  all  cases  the  content  of 
oxygen  in  the  gas  stream  is  measured  on  a  volumetric  basis. 


Wet  Chemical 

Wet  chemical  analysis  of  is  based  on  the  exposure  of  a  known  vol¬ 
ume  of  gas  to  chemical  reagents.  Specific  chemical  reagents  will  ab¬ 
sorb  the  different  components  of  the  sample  gas.  By  comparing  the  or¬ 
iginal  and  the  remaining  gas  volume,  the  percentage  of  oxygen  which 
was  present  can  be  quantified.  The  wet  chemical  method  relies  on  chem¬ 
ical  reagents,  measurement  hardware,  sample  filters  and  piping  and  an 
asperator  loop.  It  is  a  non-continuous  spot  checking  method.  In  vari¬ 
ous  forms  it  has  been  the  standard  for  determining  stack  gas  content  and 
excess  air  levels  in  shoreside  utility  and  process  boilers  as  well  as  ma¬ 
rine  boilers  and  many  other  industrial  and  scientific  applications.  Care¬ 
ful  care  and  maintenance  of  the  chemical  reagents  and  asperator  loop 
must  be  performed  on  a  regular  basis  to  assure  accurate  reliable  re¬ 
sults.  The  active  life  of  the  chemical  reagents  is  also  very  sensitive 
to  cleanliness  {unburned  hydrocarbon,  carbon  and  sulfur  content)  of  the 
exhaust  g as  sample.  Figure  2.  1  illustrates  this  apparatus.  The  final 
OZ  reading  is  a  gross  reading  in  that  none  of  the  oxygen  consumed  in 
the  chemical  process  is  consumed  by  or  as  a  result  of  any  other  func¬ 
tion  than  determining  the  sample's  content. 
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FIGURE  2.1 

TYPICAL  WET  CHEMICAL 
OXYGEN  ANALYZER 
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Elect  ro-  Chemical 


Electro-chemical  analyzers  measure  oxygen  content  by  forcing  the 
sample  through  a  selective  membrane  which  diffuses  the  oxygen.  This 
diffused  oxygen  comes  in  contact  with  a  cathode/anode  array.  The  re¬ 
duction  of  the  oxygen  at  the  cathode  and  oxidation  occuring  at  the  annode 
creates  an  electrical  current  which  is  proportional  to  the  concentration 
of  the  oxygen  in  the  gas  sample  which  can  then  be  read  on  a  meter.  The 
electro-chemical  system  requires  a  sampling  system,  sample  condition¬ 
ing  (filtering)  system,  electro-chemical  cell  and  signal  conditioning/ 
electronic  readout  system  (see  Figure  2.2).  C>2  sensors,  employing 

this  method  may  be  asembled  in  a  portable  system  package  for  spot 
checks,  or  complete  as  a  complete  sample  and  conditioning  system  for 
permanent  installation  providing  a  continuous  readout.  This  system  re¬ 
quires  maintenance  and  care  similar  to  that  described  for  the  wet  chem¬ 
ical  method  and  is  also  very  sensitive  to  impurities  in  the  sample  gas. 

It  also  provides  a  gross  analysis  of  oxygen  content.  Historically,  it 
has  been  employed  to  monitor  combustion  processes  as  well  as  in  many 
other  industrial  and  scientific  applications. 


Paramagnetic 

Paramagnetic  analysis  of  oxygen  presence  in  a  sample  gas  flow  employs 
the  principle  of  oxygen's  ability  to  alter  the  force  of  a  non-uniform  mag¬ 
netic  field.  The  sample  gas  is  passed  through  a  paramagnetic  cell  and 
causes  varying  effects  on  the  cell's  magnetic  field  depending  on  the  amount 
of  oxygen  in  the  sample.  Suspended  inside  the  field  is  a  rotational  device 
which  is  displaced  by  the  oxygen  induced  changes  in  the  magnetic  field. 
Typically,  a  beam  of  light  is  made  to  reflect  from  this  rotational  device 
which  is  detected  by  a  photo-cell  arrangement  whereby  rotational  dis¬ 
placement  can  be  determined  and  converted  into  a  proportional  output 
signal.  The  paramagnetic  sensor  requires  a  complete  sampling  system, 
sample  conditioning  system  and  an  ambient  temperature  set  point  that 
is  maintained  continuously  in  the  analyzer.  A  simplified  arrangement  is 
shown  in  Figure  2.  3.  In  recent  years  this  type  of  analyzer  has  seen  in¬ 
creased  use  in  combustion  exhaust  gas  monitoring  in  both  shores  ide  and 
marine  boiler  applications.  However,  it  is  extremely  sensitive  to  im¬ 
purities  in  the  sample  gas  flow  and  can  produce  erroneous  readings  as 
a  result  of  moderately  small  build-ups  of  soot  in  the  cell.  Normally 
these  units  are  supported  with  effective  sample  gas  filtering  devices 
which  must  be  maintained  regularly.  Portable  units  for  periodic  checks 
and  permanent  continuous  reading  systems  are  available.  These  units 
also  produce  a  gross  volumetric  measurement  of  oxygen  content. 
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FIGURE  2.2 
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FIGURE  2.3 

PARAMAGNETIC  OXYGEN  ANALYZER 


The  rmomagnetic 

The  the  rmomagnetic  analyzer  relies  upon  the  paramagnetic  properties 
of  oxygen  and  the  effect  of  temperature  on  the  strength  of  the  cell's 
magnetic  field.  By  combining  a  magnetic  field  gradient  and  a  thermal 
gradient,  it  is  possible  to  induce  a  flow  of  sample  gas  through  the  cell. 
The  intensity  of  the  gas  flow  is  dependent  on  the  concentration  of  oxy¬ 
gen  present  in  the  sample.  The  oxygen  content  in  the  sample  gas  flow 
is  measured  as  a  result  of  its  effect  on  the  resistance  of  a  temperature 
sensitive  element  (thermistor).  This  thermistor  then  conditions  a  con¬ 
stant  current  signal  by  means  of  a  Wheatstone  bridge  circuit  which  in¬ 
dicates  on  a  meter  or  other  device  the  oxygen  content  in  the  sample. 

The  the  rmomagnetic  system  requires  a  sampling  system,  a  filtering 
system  and  a  signal  conditioning/readout  system.  A  typical  sensor 
is  depicted  in  Figure  2.4.  The  thermomagnetic  based  analyzer  is  sens¬ 
itive  to  the  same  limitations  in  terms  of  sample  gas  cleanliness  as  the 
paramagnetic  device,  produces  a  gross  volumetric  reading  of  oxygen 
content  and  can  be  provided  in  a  portable  or  continuous  on-stream  con¬ 
figuration. 


Zirconium  Oxide 


Zirconium  oxide  is  a  material  that,  when  heated,  becomes  permeable 
to  oxygen  ions.  When  the  zirconium  oxide  coated  ceramic  cell  is  ex¬ 
posed  to  flue  gas  on  one  side  and  reference  air  on  the  other  it  acts  li\e 
a  solid  electrolyte.  The  greater  the  difference  in  oxygen  concentrations 
on  either  side  (or  partial  pressures  of  oxygen),  the  higher  the  voltage 
potential  generated  across  the  cell.  This  voltage  potent’  .  •  aero*--  ' 
zirconium  oxide  coated  cell  is  detected  by  (  +  /-)  elect!  as  a  cell 

output  signal  which  is  conditioned  by  the  analyzer  solid  state  electron¬ 
ics  and  displayed  as  a  percent  by  volume  oxygen  concentration. 

The  predictability  of  zirconium  oxide's  response  to  the  partial  pressure 
of  oxygen  is  defined  by  the  Nernst  Equation.  The  Nernst  Equation,  simp¬ 
ly  stated,  is  the  relationship  which  defines  the  voltage  potential  develop¬ 
ed  across  the  heated  surfaces  of  the  cell  when  exposed  on  each  side  to 
different  concentrations  of  oxygen.  This  equation  was  employed  in  all 
of  the  analyzers  tested.  The  relationship  between  the  cell  output,  temp¬ 
erature,  cell  constant  and  the  sample  and  reference  oxygen  concentra¬ 
tions  can  be  expressed  by  the  following  equations: 

E  =  RT_  Ln  (PI)  +  C 
4F  ( PZ ) 
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E  =  Output  Voltage  of  Cell 


R  =  Gas  Constant 

F  =  Faraday's  Constant 

T  =  Temperature  of  Cell  (absolute) 

PI  =  Partial  Pressure  of  Oxygen 
(reference  gas,  air) 

PZ  =  Partial  Pressure  of  Oxygen 
(sample  gas ) 

C  =  Cell  Constant 

or  stated  differently: 

E  =  KT  log  P(R2  +  C 
P(S) 

E  =  Output  Cell  Voltage 

K  =  Constant  Involving  the  Gas  Constant 
and  Faraday's  Constant 

o 

T  =  Absolute  Cell  Temperature  in  Kelvin 

P(R)  =  Partial  Pressure  Oxygen 
(reference  gas,  air) 

P(S)  =  Partial  Pressure  Oxygen 
(sample  gas) 

C  =  Cell  Constant 


Using  the  Nerst  Equation,  the  manufacturer  first  determines  the  cell 
constant  which  is  different  for  each  zirconium  oxide  coated  cell.  Af¬ 
ter  the  cell  constant  is  computed,  the  only  other  variables  in  the  equa¬ 
tion  become  the  temperature  and  the  unknown  quantity  or  partial  pres¬ 
sure  of  oxygen  in  the  sample  gas,  the  gas  constant,  Faraday's  Constant 
and  the  partial  pressure  of  oxygen  in  the  reference  gas  (air)  being  de¬ 
fined  quantities.  Since  the  temperature  range  at  which  zirconium  oxide 
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reacts  according  to  the  Nernst  Equation  is  between  1100  and  1500°F, 
the  manufacturer  may  provide  elements  and  circuitry  to  heat  and 
maintain  the  cell  at  an  elevated  constant  temperature  in  this  range. 

In  this  manner  the  cell  temperature  portion  of  the  equation  also  be¬ 
comes  a  constant.  If  the  temperature  is  not  held  constant,  the  ac¬ 
curacy  and  calibration  of  the  analyzer  will  drift.  The  other  alterna¬ 
tive  is  to  include  additional  analyzer  electronics  which  solve  the  Nernst 
Equation  for  P(S)  and  T  continuously.  This  important  relationship  of 
cell  output  voltage  and  temperature  is  depicted  in  Figure  2.5. 

The  zirconium  oxide  analyzers  for  the  purposes  of  this  program  were 
selected  based  primarily  on  their  strong  points  of  suitability  for  ma¬ 
rine  service  (dirty  gas),  minimal  support  systems  required,  flexibil¬ 
ity  of  location,  method  of  sampling  (direct,  continuous)  and  shoreside 
and  marine  user  operational  and  maintenance  experience.  The  output 
of  the  device  in  percent  oxygen  by  volume  is  considered  to  be  a  net  read¬ 
ing.  This  is  due  to  the  fact  that  any  unburned  hydrocarbon  vapors  or 
soot  entrained  in  the  sample  will  tend  to  combust  in  the  cell  at  elevated 
temperatures  (1100  to  1500°F).  This  combustion  tends  to  reduce  or  de¬ 
plete  the  oxygen  in  the  sample  resulting  in  a  "net"  reading  across  the 
cell.  This  effect  is  felt  to  be  very  minimal  throughout  the  operating 
range  of  a  typical  marine  boiler  except  in  transient,  upset  conditions 
where  soot  and/or  unburned  hydrocarbons  may  be  present  such  as  dur¬ 
ing  maneuvering  or  soot  blowing. 

A  major  sub-category  among  the  zirconium  oxide  analyzers  was  the 
method  of  sampling,  extractive  versus  in-situ. 

Extractive  zirconium  oxide  analyzers  are  those  units  where  the  zirc¬ 
onium  oxide  coated  cell  is  located  adjacent  to  but  outside  of  the  flue  gas 
path,  and  an  eductive  air  loop  is  used  to  flow  flue  gases  past  the  cell. 

The  in-situ  zirconium  oxide  analyzers  are  those  units  where  the  zirc- 
inium  oxide  coated  cell  is  located  directly  in  the  gas  path  and  needs  no 
air  eductor  to  flow  flue  gases  past  the  cell.  A  balance  was  sought  be¬ 
tween  the  number  of  in-situ  and  extractive  type  units  tested.  The  final 
selection  for  testing  included  four  (4)  in-situ  analyzers,  three  (3)  ex¬ 
tractive  analyzers,  and  one  (1)  combination  in-situ  extractive  analyzer 
that  had  the  cell  in  the  gas  path  but  required  an  air  eductor  flow  to  pull 
flue  gas  past  the  cell.  Figures  2.  6  and  2.  7  depict  typical  zirconium  ox¬ 
ide  oxygen  analyzer  extractive  and  in-situ  primary  sensor  configurations. 


2.  2  Development  of  Test  Requirements  and  Methodology 

Test  requirements  and  methodology  were  identified  and  developed  prior 
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CELL  VOLTAGE 


FIGURE  2.5 

CELL  VOLTAGE  vs  OXYGEN  CONCENTRATION 
AT  VARIOUS  CELL  TEMPERATURES 
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FIGURE  2.6 

TYPICAL  EXTRACTIVE  TYPE  ZIRCONIUM 
OXIDE  02  ANALYZER  SENSOR  CONFIGURATION 
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FIGURE  2.7 

TYPICAL  IN  -  SITU  TYPE  ZIRCONIUM  OXIDE 
Og  ANALYZER  SENSOR  CONFIGURATION 


to  the  final  selection,  installation  and  endurance  testing  of  those  com¬ 
mercially  available  oxygen  analyzers  initially  screened  as  potentially 
suited  for  marine  service.  This  work  ultimately  shaped  and  defined 
the  overall  technical  approach  and  assured  that  the  necessary  qualita¬ 
tive  and  quantitiative  data  required  from  the  at-sea  endurance  testing 
program  phase  would  be  obtained  in  sufficient  detail  and  quantity  so  as 
to  meet  the  program's  objectives.  This  effort  is  described  in  the  fol¬ 
lowing  paragraphs. 


2.  2.  1  Test  Vessel  and  Boiler  Selection 

The  at-sea  operational  endurance  testing  was  felt  to  be  the  heart  of  the 
program  as  the  ambient  engine  room  conditions  under  which  the  oxy¬ 
gen  analyzers  were  to  be  evaluated  would  reflect  shipboard  conditions 
that  are  considerably  more  deleterious  to  typical  monitoring  instru¬ 
mentation  than  those  present  in  a  more  controlled  and  stable  industrial 
or  utility  boiler  application.  Some  of  the  more  severe  marine  power 
plant  environmental  factors  and  conditions  typically  encountered  are  list¬ 
ed  below. 


30°  roll  side  to  side;  15  second  period  (full  cycle) 

6°  pitch  bow -up  to  bow-down;  6  second  period  (full  cycle) 

15°  list  either  side 

3°  trim  either  by  bow  or  stern 

Continuous  exposure  to  moisture,  corrosive,  abrasive  and/ 
or  salt  laden  atmospheres 

Ambient  air  temperatures  of  up  to  I22°F  (50°C) 

Extremes  in  operating  cycles  and  conditions  including 
frequent  on/off  operation  and  random  preventative 
maintenance 

Electrical  power  generation  and  distribution  system  instability 
including  poor  wave  form  and  unbalanced  voltage 

Exposure  to  abnormal  shock  and  vibration 
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Test  Vessel 


Working  with  the  operator,  Lykes  Brothers  Steamship  Company,  Inc.  , 
of  New  Orleans,  Louisiana,  a  general  cargo  vessel  from  their  "Far 
East  Clipper"  class,  the  S.  S.  STELLA  LYKES,  was  selected  to  serve 
as  the  test  vehicle.  Delivered  in  1966,  she  is  540  feet  long  overall  and 
is  powered  by  a  cross -compound,  geared  marine  steam  turbine  engine 
developing  15,  500  shaft  horsepower  producing  a  speed  of  20  knots  at  a 
maximum  displacement  of  21,840  long  tons.  The  vessel  is  depicted 
underway  in  Figure  2.8.  During  the  term  of  the  at-sea  analyzer  en¬ 
durance  testing  she  was  operated  in  both  the  U.  S.  Gulf/Mediterranean 
and  U.  S.  Gulf/Far  East  trades. 


Boilers 


The  vessel  is  fitted  with  two  (2)  watertube,  double  cased,  oil  fired  steam 
generators  equipped  with  steam  air  heaters  and  economizers.  The  oil 
fired  in  the  boiler  is  Bunker  C,  a  residual  fuel  common  to  most  marine 
steam  power  plants.  The  steam  atomized  oil  burners  in  each  boiler  are 
designed  to  provide  total  combustion  with  15%  excess  air  or  15%  more 
air  than  is  required  for  complete  (stochiometric )  combustion  of  the  fir¬ 
ed  fuel.  This  correlated  to  a  normal  at-sea  condition  of  three  percent 
(3%)  oxygen  content  by  volume  in  the  flue  gases.  Throughout  the  test 
duration  the  vessel  was  operated  consistently  within  the  12,  000  to  1  3,  000 
SHP  range.  The  boiler  manufacturer  consequently  confirmed  that  'his 
would  equate  to  approximately  80  to  85%  of  rated  boiler  load  and  that  op¬ 
eration  with  15%  excess  air  could  be  anticipated.  Figure  2.9  presents 
as  designed  performance  data  for  the  installed  boilers. 


Sensor  Locations 


The  location  on  the  boiler  at  which  the  analyzers  would  sample  the  f  1  u < • 
gas  was  an  important  consideration.  Ideally  the  best  arrangement  would 
allow  for  all  of  the  analyzers  to  draw  from  a  single  point  on  the  boiler 
as  close  to  the  point  of  combustion  as  possible.  However,  various  con¬ 
straints  and  factors  peculiar  to  the  temporary  test  nature  of  the  project 
resulted  in  some  compromise  of  the  ideal  sampling  location.  These  art' 
listed  briefly  below. 


The  eight  (8)  analyzers  to  be  tested,  some  extractive  and 
some  in-situ,  could  not  physically  sample  from  a  single 
point  on  the  boiler  and  function  properly. 


TEST  VESSEL  ,  S.S.  STELLA  LYKES 


TEMPERATURE 


UO  SO  60  70 

Evaporation-lbs.  ateam/hr.  X  1000 


_ 1. 

60 


Steam  4  water  pressure  drop  -  psi|  .1000  lb*oil/hr  |  ,  [Draft  Loss  ±  ins. 'water 


The  final  number  of  analyzers  tested  (8)  required  that  both 
boilers  be  employed  due  to  physical  space  requirements  for 
each  analyzer. 

Installation  of  the  sensors  for  each  analyzer  as  close  to  the 
furnace  as  possible  would  require  penetration  of  first  the 
outer  casing,  insulation  and  perhaps  even  reconfiguration 
of  tubes  in  the  boiler  side  walls  surrounding  the  furnace. 

This  would  have  been  time  consuming  and  expensive  and 
was  deemed  unacceptable,  due  to  the  temporary  nature  of 
the  installation  and  its  potential  difficulties,  by  the  operator. 


The  final  locations  selected  on  each  boiler  for  sensor  installation  were 
in  the  single  cased  uptakes  just  above  the  economizers.  This  location 
was  well  within  the  installation  recommendations  of  each  analyzer  man¬ 
ufacturer  and  allowed  for  ease  of  access  for  installation,  service  and 
monitoring.  In  addition,  they  would  also  be  installed  at  a  level  in  the 
engine  room  that  enhanced  and  optimized  the  at-sea  test  and  evaluation 
phase's  continuous  data  recording  system  configuration  while  offering 
minimal  interference  with  the  normal  day-to-day  boiler  operating  and 
maintenance  requirements.  These  locations  were  also  approved  by 
the  operator.  The  above  locations  were  initially  considered  prelimin¬ 
ary  and  allowed  for  the  layout  and  arrangement  of  the  shipboard  long¬ 
term  automatic  data  recording  system  and  for  identifying  additional 
installation  requirements.  Upon  final  selection  of  the  eight  (8)  ana¬ 
lyzers  ultimately  evaluated,  these  locations  were  again  reviewed  and 
retained  as  final  sensor  sampling  points. 


d.  d.  d  Test  Duration 

In  order  to  accomplish  the  stated  objectives  of  the  program  an  at-sea 
test  and  evaluation  period  of  ten  (10)  months  of  continuous  operation 
and  data  gathering  for  the  eight  (8)  analyzers  evaluated  was  consider¬ 
ed  to  be  the  maximum  practically  achievable  within  the  scheduled  eighteen 
(18)  month  duration  of  the  program.  The  analyzers  were  installed  and 
the  at-sea  test  and  evaluation  phase  of  the  program  conducted  almost 
continuously  from  April,  1980  through  January,  1981.  Approximately 
two  (d)  weeks  of  data  gathering  time  were  lost  during  this  period  due 
to  temporary  layups  and  shipyard  repair  periods. 

All  tasks  associated  with  the  program  requiring  interface  with  the  test 
vessel  ineluding  initial  analyzer  installation,  extended  at-sea  endurance 
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testing  anti  data  gathering  and  rip -out  and  vessel  restoration  we  r.- 
planned  and  carried  out  on  a  no  delay  to  the  vessel  basis.  At  no 
time  during  the  test  duration  did  the  accomplishment  of  these  tasks 
cause  any  disruption  to  the  normal  power  plant  operating  routine  or 
place  w  hat  could  be  considered  an  unreasonable  burden  on  the  operat¬ 
ing  crew  in  terms  of  additional  work  load. 


2.2.  i  Data  Requirements  and  Evaluation  Criteria 

As  stated  in  the  introduction,  the  nature-  of  the  at-sea  test  and  e valua 
t  ion  of  tin  e-ight  (H)  commercially  available-  zirconium  oxide:  oxygen 
analyzers  was  that  ol  a  long-te:  rm  endurance  run.  The  intent  of  this 
evaluation  was  to  ide-ntify  and  document  the  strengths  and  weakness 
of  each  machine-  as  it  operated  in  a  typical  shipboard  environme  nt. 
The  data  types  required  for  this  evaluation  are  de- scribed  be-low. 


.1.  2.  h  1  Quantitative  Data 

(1)  Continuous  Automatic  Data  Recording  throughout  the  at- 
sea  test  period.  The  oxygen  reading  displayed  by  each 
unit  was  logged  automatically  and  continuously  by  means 
of  interface  with  a  strip  chart  recorder. 

The  two  (2)  strip  chart  recorders  were  equipped  with  four 
(4)  current  modules  and  pen  servos  each.  All  of  the  ana¬ 
lyzers*  output  signals  (%  signals)  from  the  port  boiler 
were  reco rded  on  one  strip  chart  and  four  outputs  of  tin- 
analyzers  in  the  starboard  boiler  were  recorded  on  tin- 
other  strip  chart.  The  individual  channels  of  each  strip 
chart  recorder  were  calibrated  for  a  0-100%  full  scale 
travel,  left  to  right,  for  a  4-20  ma  signal.  The  chart  spt  cd 
for  each  recorder  was  set  at  four  (4)  cm  per  hour.  The 
strip  chart  pen  servos  were  protected  from  over  travel  by 
m ini -b reake  r s  which  would  limit  pen  movement  at  tin- 
extreme  ends  of  the  scale.  Signal  print  overlay  was  re¬ 
duced  by  stacking  the  print  pens  at  a  1  mm  offset  between 
pens.  Different  colored  print  pens  were  used  in  each 
channel  of  the  recorders  for  ease  in  identifying  each  unit's 
track.  The  strip  chart  recorders  were  housed  in  a  spec¬ 
ially  modified  NEMA-4  utility  enclosure.  The  door  of  tin- 
enclosure  was  fitted  with  window's,  so  that  visual  inspec¬ 
tions  could  be  made.  The  enclosures  wa  re  locked  tor  tin- 
duration  of  the  test,  except  for  the  renewal  of  paper  and 
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pens.  Figure  2.  10  presents  a  schematic  of  wiring  and  in¬ 
terface  requirements  for  the  continuous  automatic  data 
logging  system. 

(2)  Manually  Logged  Data.  Manually  logged  data  requirements 
were  developed  consistent  with  the  operator's  desire  to  place 
as  small  an  additional  labor  burden  as  possible  on  ship's  en¬ 
gineering  force.  The  data  to  be  recorded  manually  consisted 
mostly  of  boiler  performance  data.  This  information  was  felt 
to  be  necessary  in  order  to  differentiate  between  changes  or 
drifts  in  continuously  recorded  analyzer  %  O,  readings  that 
could  result  from  analyzer  component  failures  or  problems 

and  changes  in  recorded  0>  levels  resulting  from  such  factors  a 
increase  or  reduction  in  boiler  steaming  load  or  forced  fan 
speed  or  inlet  damper  position.  In  addition,  the  %  indicat¬ 
ed  on  each  analyzer  was  also  logged.  This  information  was 
recorded  daily  at  noon.  The  log  sheet  developed  and  employed 
is  illustrated  in  Figure  2.  11. 

The  responsibility  for  data  logging  and  monitoring  and  support 
of  the  test  apparatus  and  system  (i.  e.  ,  renewing  strip  chart 
recorder  paper  and  pens)  was  assigned  to  the  Chief  Engineer 
who  inturn  delegated  these  duties  under  his  close  supervision 
and  scrutiny  to  the-U.  S.  Merchant  Marine  Academy  Engine 
Cadet  assigned  to  the  vessel  throughout  the  test  period. 

(3)  Service  Files.  A  service  file  was  maintained  by  the  contractor 
for  each  analyzer  which  contained  a  detailed  record  of  all  ad¬ 
justments,  failure  analyses,  part  renewals,  technical  services, 
fees  and  associated  information  from  receipt  of  the  analyzers 
through  the  test  period  up  until  rip-out  and  termination  of  the 
program.  All  service  oriented  tasks  associated  with  required 
repairs  to  each  analyzer  were  performed  only  by  authorized 
factory  or  service  representatives. 

(4)  Calibration  Check  Records.  Each  analyzer  was  manufactured 
with  a  means  for  calibration  checking  and  recalibrating,  if  re¬ 
quired.  The  calibration  of  c.-.ch  machine  was  checked  perio¬ 
dically  throughout  the  at-sea  test  and  evaluation  period  to  es¬ 
tablish  any  trends  of  calibration  shift  for  each  machine  while 
working  in  a  typical  shipboard  environment.  Recal  ibrat  ion, 
when  required,  was  to  be  performed  by  authorized  factory  or 

s  e  r  vie  e  rep  re  s  e  nt  a  t  i  ve  s . 

The  oxygen  analyzers  were  calibration  checked  at  the  billow¬ 
ing  times. 
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FIGURE  2.10 

AUTOMATIC  DATA  LOGGING  SYSTEM  WIRING 
AND  INTERFACE  SCHEMATIC 


Ship  Data  1-op  Sheet 


Dan 


Voya  pe  No. 

DAILY  LOG 

1)  Red  Analyzer  °io  0^  _  Comments: 

2)  Green  Analyzer  %  0^  _ 

3)  Orange  Analyzer  t7o  O2  _ 

4)  Blue  Analyzer  7o  0£  _ 

5)  Gold  Analyzer  %  0£  _ 

6)  White  Ana  lyze  r  ?jo  O2  _ 

7)  Black  Analyzer  %  0^  _ 

8)  Yellow  Analyzer  %  0, 


9) 

Port  Boiler  ^Burners  Lit 

T  ube  s 

Blowr. 

Hr 

10) 

Stbd.  Boiler  //Burners  Lit 

Tubes 

Blown 

Hr 

ID 

Engine  Room  Operations:  (Log  times 

in  each 

mode  1 

Underway  Hrs.  Manucvcrjng 

Hrs 

Port 

Hr: 

12) 

Engine  Room  Temp.  (®  Console 

°F . 

13) 

Engine  Room  Temp.  (?.'  Uptakes 

UF . 

14) 

Air  Temp,  to  Burners  Port 

°F  . 

St  bd 

°F . 

l‘j| 

Uptake  Temp.  Port 

_°F. 

Stbd 

_°P. 

16)  Windbox  Press  Port  _ "H^O  Stbd  "11,0 

17)  Furnace  Press  Port  "H-,0  Stbd  "H  0 

18)  Economizer  Outlet  Press  Port  _ "H^0  Stbd  "H^O 

FIGURE  2.11 

SAMPLE  LOG  SHEET  FOR  MANUALLY 

LOGGED  DATA 


2-22 


s 


At  factory  prior  to  shipment 

Initial  shipboard  (at  installation)  start-up 

End  of  first  voyage 

End  of  second  voyage 

End  of  third  voyage  (prior  to  rip-out) 


In  all  cases  the  2  and  3%  oxygen  in  nitrogen  background  cali¬ 
bration  gas  were  used  to  check  the  zero  and  the  10,  15  and 
20.  9%  (air)  were  used  to  check  span.  The  long-term  drift 
was  recorded  as  a  function  of  the  change  from  start-up  cali¬ 
bration  check  readings.  Calibration  check  consistency  was 
enhanced  by  utilizing  the  same  bottles  of  calibration  gases 
throughout  the  test.  Manufacturer's  directions  were  followed 
judiciously  with  regard  to  calibration  gas  flow  rates,  pressure, 
etc.  ,  so  that  the  most  accurate  calibration  check  readings 
were  obtained. 

Generally,  the  in-situ  type  analyzers  were  equipped  with  a 
more  complete  calibration  sub-system  that  made  calibration 
checking  quite  simple  and  fast.  The  extraction  type  analyz¬ 
ers  additionally  required  more  support  systems  such  as  ex¬ 
ternal  tubing,  pressure  reducers,  valving  and  flow  regulators 
that  made  calibration  of  these  units  in  some  instances  very 
cumbersome.  Figures  2.  12  and  2.  13  present  typical  calibra¬ 
tion  arrangements  for  in-situ  and  extractive  type  analyzers. 

(5)  Timed  Tests.  As  additional  comparative  data  various  timed 
responses  were  recorded  for  each  analyzer  after  initial  in¬ 
stallation  and  prior  to  rip-out  after  completion  of  the  ten  (10) 
month  at-sea  endurance  testing. 

Warm-Up:  The  length  of  time  a  unit  required  to  obtain  a 
final  steady  state  value  from  a  cold  start-up  condition. 

Response  Time:  The  length  of  time  a  unit  required  to  reach 
90%  of  the  final  steady  state  value  after  a  step  change  in  con¬ 
centration  of  a  known  quantity  (calibration  gas)  is  intro¬ 
duced. 

(6)  Wet  Chemical  Readings.  Oxygen  readings  utilizing  an  orsat 
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FIGURE  2.13 

A  TYPICAL  CALIBRATION  ARRANGEMENT 
FOR  AN  EXTRACTIVE  ANALYZER 


system  were  taken  once  daily  during  the  evaluation  by  the 
ship's  operating  personnel  and  recorded  as  supplementary 
data. 


Z.  Z.  3.  Z  Qualitative  Data 

Throughout  the  course  of  the  program  numerous  observations  of  a  qual¬ 
itative  nature  were  made  by  contractor,  shipping  company  shore  staff 
and  shipboard  operating  personnel  concerning  various  aspects,  features 
and  drawbacks  associated  with  each  analyzer.  These  comments  were 
recorded  on  and/or  obtained  from  such  sources  as  the  daily  log  sheets 
for  manually  logged  data,  voyage  letters,  during  informal  crew  debrief¬ 
ings  which  were  held  at  the  end  of  each  voyage  during  the  at-sea  endur¬ 
ance  testing  and  from  repair  and  service  reports.  A  formal  questionn¬ 
aire  was  also  developed  (see  Appendix  A)  that  provided  a  large  body  of 
information  from  the  shipping  company's  shore  staff  and  shipboard  op¬ 
erating  crew  concerning  their  preferences  and  dislikes  for  the  various 
features  associated  with  each  analyzer.  While  this  information  in  some 
instances  tended  to  be  subjective  in  nature  it  nonetheless  provided  con¬ 
siderable  insight  when  compiling  the  recommended  specification  for  a 
marininized  zirconium  oxide  based  contintuous  reading  oxygen  analyzer. 

The  following  is  a  partial  listing  of  typical  topics  and  items  which  were 
qualitatively  addressed,  analyzed  and  scrutinized. 

*  Installation  requirements 

*  Support  requirements  (power,  air,  etc.  ) 

*  Ease  of  operation 

*  Calibration  requirements  and  pr*u  edur«- s 

*  Troubleshooting  guides  /  se  1 1  diugnostn  features 

*  Quality,  usefulness  and  case  ■>(  interpretation  ol  operating/ 
instruction  manuals 

*  Spare  parts  requirements 

*  Quality  of  piping,  wiring  and  printed  circuit  board  (PCD) 
schematics 

Completeness  of  analyzer  as  shipped  lor  installation 
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Display,  alarm,  set  point,  etc.  ,  features 


2.  2.  4  Test  Standards 

The  standard  selected  for  periodic  checks  of  changes  in  analyzer  cali¬ 
bration  was  calibration  gas.  The  calibration  gases  were  mixtures  of 
a  known  quantity  oxygen  in  a  background  of  inert  nitrogen.  These 
gases  were  provided  and  certified  by  a  specialty  gas  company.  Each 
calibration  gas  standard  had  an  analytical  accuracy  guaranteed  to  with¬ 
in  +  2%  of  the  certified  oxygen  concentration.  Concentrati  •  h-ctod 

for  the  program  were: 

*  2.  0%  oxygen;  balance  nitrogen 

*  3.  0%  oxygen;  balance  nitrogen 

*  10.  0%  oxygen;  balance  nitrogen 

*  15.  3%  oxygen;  balance  nitrogen 


2.  2.  5  Maintenance  and  Repair  Guidelines 

Because  of  a  general  lack  of  familiarity  that  the  typical  shipboard  op¬ 
erating  crews  were  expected  to  have  with  the  design,  operation  and 
maintenance  and  repair  aspects  of  typical  zirconium  oxide  based  oxy¬ 
gen  analyzers,  it  was  decided  that  all  required  maintenance  and  repair 
actions  resulting  from  a  failure  or  malfunction  of  the  analyzers  during 
the  at-sea  endurance  testing  phase  were  to  be  conducted  by  authorized 
factory  or  service  representatives,  only.  In  addition,  it  was  felt  that 
this  decision  also  ensured  that  no  analyzer's  performance  during  the 
test  would  be  affected  or  prejudiced  by  imprudent  or  incorrect  mainte¬ 
nance  or  repair  procedures  carried  out  by  any  personnel,  including 
contractor  personnel,  who  were  not  completely  familiar  and  qualified 
to  perform  the  required  repair  actions.  Based  on  this  approach,  a 
machine  that  failed  at-sea  during  one  of  the  three  voyages  th.it  com¬ 
prised  the  endurance  test  period  was  left  in  that  condition  until  return 
of  the  vessel  to  the  U.  S.  Gulf  Coast  where  it  was  restored  to  opera¬ 
tion  by  an  authorized  manufacturers  representative  under  the  close 
supervision  of  contractor  and  operator  program  personnel.  Further, 
to  assure  than  no  unauthorized  tampering  of  the  analyzer  electronics 
would  occur  during  the  at-sea  endurance  testing,  each  unit  was  sidl¬ 
ed  at  the  time  of  initial  start-up  and  calibration  checking  by  trained 
and  authorized  service  representatives  and  subsequently  llicrc.iltc  ;■  <ui 
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each  occasion  when  repairs  due  to  failure  were  required.  The  Chief 
Engineer  on  the  vessel  witnessed  the  sealing  ol  each  unit.  Appendix 
B  contains  a  copy  of  the  initial  certification  letter  from  the  Chief  En¬ 
gineer. 

While  this  decision  precluded  the  shipboard  operating  crew  from  per¬ 
forming  any  analyzer  internal  electronics  maintenance  and  repair, 
they  did  perform  certain  routine  maintenance  actions  such  as  blowdown 
of  asperator  and/or  reference  air  supply  filters  and  moisture  extrac¬ 
tors  and  air  pressure  regulator  pressure  setting  and  adjustment.  These 
tasks  were  carried  out  primarily  by  the  Chief  Engineer  and  the  Engine 
Cadet. 


Z„  Z.  b  Evaluation  Criteria 

The  eight  (8)  commercially  available  oxygen  analyzers  selected  for  the 
at-sea  endurance  test  phase  were  evaluated  on  a  quantitative  and  quali¬ 
tative  basis  employing  the  criteria  listed  and  defined  (as  they  pertained 
to  this  specific  program)  below.  These  criteria  were  applied  to  each 
analyzer  on  an  individual  basis  and  were  not  intended  for  use  as  a  direct 
comparative  basis  for  analyzer  performance,  one  versus  the  others. 
Utilizing  these  factors  and  the  test  data  associated  with  each  one,  a  com¬ 
posite  of  optimum  features  for  a  marinized  version  of  a  zirconium  oxide 
based  oxygen  analyzer  was  developed  resulting  in  the  production  of  a 
recommended  specification  for  these  devices. 

In-Service  Performance:  The  in-service  performance  charac¬ 
teristics  and  criteria  as  determined  for  this  program  consisted 
of  the  following: 

(1)  Ability  to  operate  continuously 
(Z)  Ability  to  operate  unattended 

(1)  Resj'  nse  and  sensitivity  to  changes  in  the  sampled  gas 
com  entration 

(4)  Ability  to  produce  accurate,  stable  readings 

Ropoatabil  ity :  The  closeness  with  which  an  analyzer  was  able 
to  produce  the  same  indication  of  the  measured  variable  (%  oxy¬ 
gen  content)  under  steady  state  conditions  on  a  continuous  or 
repetative  basis. 
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Calibration  and  Calibration  Requirements:  The  clunking  ol'  ana¬ 
lyzer  output  throughout  its  operating  range  by  introducing  known 
and  certified  values  (calibration  gas)  of  the  measured  variable  to 
determine  the  error  (and  required  correction)  while  keeping  all 
other  process  variables  constant  and  the  required  t  requeue  y  ot 
and  complexity  involved  in  calibration  checking  and  recu  1  ibra  t  ion. 

Ma intainab ilit y :  The  frequency  and  complexity  ol  routine  mainte  ¬ 
nance  actions  required  to  be  performed  te>  keep  an  analyze  r  op¬ 
erating  at  its  optimum  level  of  performance-.  In  addition,  under 
this  category  support  and  installation  requirements  inc  luding  e-lew  - 
trical  power,  control  (compressed)  air,  auxiliary  steam  or  cool¬ 
ing  water  and  sootblowing  asperator  or  reference  air  loop  protee  - 
tive  provisions  were  also  considered. 

Repa  irability :  The  complexity,  difficulty  and  time.-  required  to  per¬ 
form  repairs  associated  with  a  random  failure  of  a  unit  as  deter¬ 
mined  from  actual  failure’s  during  the  endurance  test  and/or  as  i 
result  of  a  detailed  review  of  such  features  as  analyzer  de-sign,  in¬ 
struction  manuals,  troubleshooting  guidelines,  system  se  hemalie  s 
and  if  provided,  self  diagnostic  features. 

Environmental  Influences:  The  ability  of  an  analyzer  to  function 
in  the  more  severe  marine  environment  as  described  previously 
in  Section  Z.  Z.  1 . 


Z.  j  Technical  Approach 

The  technical  approach  taken  to  successfully  accomplish  the  stated  ob¬ 
jectives  of  the  program  was  that  of  a  time  phased  program  consisting 
of  five  (5)  discrete  program  tasks.  Figure  Z.  14  presents  the  chrono¬ 
logical  organization  of  each  project  task  and  sub-task.  The  following 
description  of  the  technical  approach  taken  is  divided  into  three  (5)  dis¬ 
tinct  categories  and  is  described  in  the  following  paragraphs. 


Z.  3.  1  Analyzer  Selection 

The  final  selection  and  procurement  of  the  i  lght  (8)  oxygen  (O,)  ana¬ 
lyzers  tested  was  preceded  by  a  thorough  survey  of  manufacturers  ol 
oxygen  analyzers  of  all  sensor  types  and  applications.  Buyi-  r  guides, 
product  registers,  and  numerous  periodicals  were  reviewed  to  identify 
manufacturers  of  oxygen  analyzing  equipment.  Two  (2)  series  of  ques¬ 
tionnaires  were  mailed  to  all  prospective  suppliers.  Many  firms  were 
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.tlso  i  ontavtcd  by  telephone.  In  ihnse  instano's  where  products  otter¬ 
ed  «rrr  primarily  for  medical  science,  laboratory  analysis,  dissolved 
i \ v g  on  i  onti  nt  of  water,  high  tcmpi-raturi'  glass  kilns,  steel  blast  fur¬ 
naces,  flame  safety,  and  pure  gas  applications,  tin-  manufacturer  indi¬ 
cated  and/or  agreed  that  these  systems  were  not  suited  lor  stack  gas 
analysis  applications.  These  systems  were  immediately  eliminated 
trim  \  on  s  ide  rat  ion.  Manufacturers  whose  equipment  line  included  >>,- 
vg<  n  analyzers  felt  to  be  generally  acceptable  for  the  program  were 
sent  requests  for  technical  information,  pricing,  delivery  time  mu 
p.  rtormance  specifications.  Approximately  fifty  (Mi)  manufacturers 
were  contacted  in  this  manner.  Twenty  (20)  ma  nul . :  x  t  u  re  r  s  iv-tpondi  d 
w  ith  technic  al  information. 


To  elarify  .i  nd  aid  in  quantifying  the  final  selection  process.  a  matrix 
x\  a  s  formulated  with  twleve  selection  criteria  headings  under  xx.ci  h 
eat  h  of  the  twenty  initially  screened  analyzers  w  t  re  eva  luated  lor  lin- 
a  1  selection.  Figure  2.  IS  presents  a  sample  of  this  selection  matrix. 
The  following  criteria  are  included. 


Sensing  Principle 

Locat  ion/ Method  of  Sampling 

Range 

Quoted  Accuracy  /  Repeatability 
Support  Systems  Required 
Method  of  Display 


Se  rx  ix  r  /  Cal  ibrat  ion 
User  Fxpe  r  le  m  e 
Ava  i  la!)  i  I  it  y  /  I)e  live  r  y 
Cost  /  Cost  Sha  re 
S  u  it.tbi  1  it  y  fo  r  Ma  r  in. 
Sen  a  ■ 


As  tan  be  Seen  the  selection  criteria  for  the  most  part  Were  based  on 
i  ha  rax  teristics  and  features  associated  with  each  analyzer.  However, 
tin  •  e  characteristics  also  had  to  he  weighed  against  the  prat  t  ical  m  lied 
uh  and  budgetary  considerations  of  the  program  which  as  a  result  w  e  r« 

<  i  I  -a »  |. ii  tired  into  the  sclei  t  ion  matrix. 

Idle  |  in. 1 1  s  e  lex  t  Ion  ot  the  eight  (8)  .malyzers  to  he  used  in  tin  b  st  W  . 

-  i  m  pi  1 1  led  as  ,i  result  of  two  of  t  he  m.iimtadurerx  withdrawing  their 
prodiu  ts  from  cons  ide  rat  ion.  A  third  unit  xv.is  eliminated  hex  au-e  tin 
op.  rator  felt  that  it  required  too  many  support  systems  and  a-  sui  h 
w  •  m  Id  place  a  hardship  on  the  vessel's  resources.  Die  eight  (8)  .only/. 
C  r  -  finally  selected  were  all  considered  to  lie  of  equal  rating  .1  s  deter¬ 
mined  from  information  developed  by  the  s  e  1  ec  turn  matrix,  \t  t  h  l  —  I  um 
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a  di  -vision  was  mack-  to  use  all  eight  of  the  remaining  analyze  rs  in  the 
test.  All  parties  participating  in  the  program  reviewed  and  commented 
on  each  of  the  eight  (8)  analyzers  which  were  determined  to  be  suitable 
for  at-sea  testing  and  evaluation,  and  their  selection  was  unanimously 
agreed  upon. 

The  development  of  test  methodology,  requirements  and  crite  ria  de¬ 
scribed  previously  in  Section  2.2  was  conducted  simultaneously  by 
the  contractor  with  the  analyzer  selection  task.  This  work  was  also 
reviewed  and  approved  by  cognizant  Government  and  operator  program 
pe  r  si  mnel . 

2.  ’i.2  Analyzer  Procurement  and  Installation 

Alter  tinai  review  and  selection  of  the  analyzers  as  described  in  the 
pt'i  vious  section,  the  eight  (8)  units  were  ordered  by  the  contractor 
m  mid -Octobe  r,  lb?Q.  Delivery  from  date  or  order  placement  ranged 
Irani  six  (t>)  to  ten  (10)  weeks .  The  units  were  shipped  from  the  fac¬ 
tory  to  the  contractor's  facility  for  sanitation.  The  intent  of  this  ac¬ 
tion  was  to  remove  all  possible  means  of  manufacturer  identification 
I  roin  the  analyzers,  instt.-'  turn  books  and  manuals  and  other  related 
material  so  as  to  put  the  at-sea  test  and  evaluation  on  a  generic  basis 
and  to  prevent  wherever  possible  the  comparison  of  individual  analyz¬ 
ers  on  a  brand  name  lias  is. 

As  each  unit  was  received  it  was  assigned  a  color  code  after  all  trade 
names,  markings,  logos,  model  numbers  and  insignia  that  would  di¬ 
vulge  the  identity  of  the  analyzer  ma  nu  . . , .  t  u  r  e  r  s  had  been  removed. 

The  eight  (8)  colors  used  to  identify  the  different  machines  were: 


Gold 

Black 

Red 

White 

Blue 

G  reen 

Y  ellovv 

Orang 

The  units  were  carefully  repacked  in  their  original  shipping  cartons 
(shipping  cartons  were  also  "sanitized"  of  trade  names  and  model  num¬ 
bers),  along  with  two  copies  of  the  instruction  manuals.  Not  ,.11  ana¬ 
lyzer  manufacturers  provided  fully  equipped  analyzers.  At  this  time 
missing  accessories  were  procured  and  packed  for  shipment  with  the 
units.  The  units  were  then  shipped  to  the  operator's  warehouse  to  await 


installation  onboard  the  tost  vessel. 


During  this  sanitation  period  a  do-tailed  review  of  the  analyzers  as  ship¬ 
ped  for  completeness  (e.  g.  ,  some  analyzers  were  not  equipped  with  a 
means  for  displaying  sensed  oxygo-n  values  or  with  ancilliary  compon¬ 
ents  such  as  air  pressure  regulators)  and  for  completeness,  quality 
and  clarity  of  installation,  operation  and  troubleshooting  instructions 
and  schematics  was  conducted.  Their  conformity  to  applicable  regu¬ 
lations  and  standards  including  American  Bureau  of  Shipping  (ABS), 
and  U.  S.  Coast  Guard  (QSCG)  rules  and  regulations  and  the  Institute 
iif  Klectrical  and  Electronic  Engineers  (IEEE)  Standard  45  were  also 
determined  at  this  time. 

The  installation  of  the  analyzers  (predicated  on  the  earliest  availability 
of  the  test  vessel)  onboard  the  S.  S.  STELLA  LYKES  took  place  in  March 
1680.  The  installation  was  conducted  under  the  continuous  supervision 
of  contractor  and  operator  program  personnel,  in  accordance  with  the 
General  Installation  Specification  (see  Appendix  C).  This  work  took 
approximately  one  week  to  complete  and  was  started  in  New  Orleans 
and  completed  in  Houston.  Figures  2.  16,  2.  17,  2.  18  and  2.  16  present 
typical  layout  diagrams,  electrical  one  lines  and  air  piping  schematics 
used  to  direct  the  installation.  Manufacturer's  recommendations  and 
standards  were  precisely  followed  throughout  the  installation.  The  install 
tion  went  smoothly  for  the  most  part.  Installation  difficulties  resulting 
from  peculiarities  in  individual  analyzers  were  noted  for  inclusion  in 
the  analysis  of  test  data  and  results. 

The  initial  start-up  of  the  oxygen  analyzers  was  felt  to  be  critical  m  th< 
test  results.  To  insure  the  fairness  to  all  manufacturers  and  to  obtain 
higher  confidence  in  the  test  results,  manufacturers  technical  repre¬ 
sentatives  were  requested  to  start  and  certify  that  their  systems  had 
been  correctly  wired,  plumbed,  and  mounted  in  accordance  with  the  re¬ 
commended  procedures.  The  units  were  started  and  verified  i.  Houston. 
Lakes  Charles,  Port  Arthur  and  New  Orleans  during  an  extended  coast¬ 
wise  voyage  from  March  1 5  th  through  30th,  1980.  The  calibration  >, 
the  units  was  also  checked  by  the  manufacturers'  technicians  at  this  time 
using  the  calibration  gases  supplied  by  the  contractor.  All  eight  (8)  un¬ 
its  tested  called  for  calibration  gas  as  the  proper  field  check.  In  addi¬ 
tion  to  gas  checks,  the  units  were  tested  electrically,  as  per  individual 
instructions.  Contractor  personnel  monitored  all  work  accomplished 
by  the  technicians  and  their  service  reports  were  retained  as  certifica¬ 
tion  of  the  units'  proper  installation  and  start-up.  At  the  completion  of 
eac  h  start-up  and  calibration  check  and  installation  v,  rification,  the  c  on¬ 
trol  cabinet  was  sealed  by  the-  vessel's  Chief  Engineer  in  the  presence  of 
Government  and  contractor  personnel. 
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FIGURE  2.17 

ANALYZER  CONTROL  CABINET 
MOUNTING  ARRANGEMENT 


FIGURE  2.18 

TYPICAL  ANALYZER  INSTRUMENTATION 
ELECTRICAL  ONE- LINE  DIAGRAM 
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Training  of  the  Chief  Engineer  and  Engine  Cadet  during  this  period  was 
enhanced  by  their  additional  exposure  to  the  analyzers  as  they  were  be¬ 
ing  installed  and  through  contact  with  manufacturers'  representatives. 
Two  sets  of  instruction  books  for  each  analyzer  wi'rc  placed  onboard  for 
use  primarily  in  the  operation  and  limited  servicing  required  for  each 
analyzer.  The  majority  of  instruction  and  training  was  concerned  with 
detailing  of  data  recording  and  test  installation  service  requirements. 
Servicing  of  the  test  equipment  was  limited  to  adjustments  and  repairs 
to  the  external  air  systems  and  pressure  regulators,  the  115  VAC  wir¬ 
ing,  cleaning  of  the  external  surfaces  of  the  components,  renewal  of 
the  continuous  data  recording  system  consumables  and  advanced  notifi¬ 
cation  of  operator  shoreside  and  contractor  personnel  of  additional  sup¬ 
port  requirements  such  as  manufacturer  service  for  units  that  failed  at 
sea. 


2.  5.  3  At-Sea  Endurance  Testing 

The  continuous  at-sea  endurance  testing  of  the  eight  (8)  selected  zirc¬ 
onium  oxide  based  oxygen  analyzers  ran  from  April,  1980  through  Jan¬ 
uary,  ^981.  Data  was  recorded  onboard  the  vessel  during  all  operating 
conditions  including  steady  state  steaming,  maneuvering  and  in  port 
via  the  automatic  data  logging  system  and  manually  by  designated  ship¬ 
board  personnel.  In  addition,  voyage  letters  updating  test  progress  and 
reporting  any  failures  or  other  difficulties  were  prepared  by  the  Chief 
Engineer  and  forwarded  to  the  contractor  via  the  operator's  cogniz,  nt 
program  personnel. 

At  the  termination  of  each  voyage  during  which  the  endurance  testing  wa 
carried  out  contractor  personnel  met  the  vessel  at  various  U.  S.  Gulf 
Coast  ports  to  conduct  and  or  coordinate  the  following  activities  includ¬ 
ing  : 


Obtain  automatically  and  manually  recorded  dat.i  for  the 
voya  ge . 

Perform  analyzer  calibration  checks. 

Replenish  test  consumables  such  as  log  sho  ts  and  strip 
chart  paper  and  pens. 

Conduct  training  of  new  r  re  w  members  assigned  to  th .  • 
progr.trn  as  required. 


Debrief  operating  personnel  concerning  their  nbsi  r\  itore 


and  opinions  of  analyzer  performance  during  the  previous 
voyage . 

Coordinate  the  availability  and  supervise  the  repairs  and 
service  made  by  authorized  service  representatives  on  ana¬ 
lyzers  that  failed  or  malfunctioned  during  the  previous  voy¬ 
age. 

Update  cognizant  Government  personnel  as  to  progress  to 
date . 


Throughout  this  at-sea  test  and  evaluation  period  the  contractor  sc  rein¬ 
ed  the  data  collected  on  the  previous  test  voyage  to  ensure  that  it  con¬ 
tained  all  of  the  information  required  to  obtain  the  stated  program  ob¬ 
jectives.  This  screening  also  allowed  for  the  addition  or  deletion  of 
data  types  being  logged,  if  required.  Finally,  this  process  provided 
for  the  identification  of  developing  problems  and  trends  in  both  the  auto¬ 
matic  data  logging  system  and  the  analyzers,  as  they  occurod. 

Figures  2.20,  2.21,  2.22,  2.23,  2.  24,  and  2.25  highlight  various  com¬ 
ponents  of  the  continuous  automatic  data  recording  and  analyzer  test  in¬ 
stallation  onboard  the  S.  S.  STELLA  LYKES  during  actual  underway  op¬ 
erating  conditions. 
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FIGURE  2.20 
RACK  MOUNTED 
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FIGURE  2.21 

ANALYZER  SENSORS  MOUNTED  IN 
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CABINET  ARRANGEMENT 


FIGURE  2.25 

TYPICAL  ASPERATOR  INTERRUPTER 
CONTROL  BOXES 
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5.  0  PROGRAM  RESULTS 


The  program  results  described  in  this  section  are  based  on  per:  >rm- 
ance  criteria  previously  described  in  Paragraph  2.  2.  3  and  tin-  quali¬ 
tative  and  quantitative  data  obtained  during  the  ten  (10)  month  at-sea 
endurance  testing  phase.  The  at-sea  evaluation  ran  for  a  total  oi  306 
days.  This  total  breaks  down  into  170  days  of  steady  state  at-sea  op¬ 
eration  at  approximately  60  to  86%  ol  rated  boiler  load,  16  days  man¬ 
euvering,  104  days  in  port  and  16  days  ol  outage  due  to  shipyard  am: 
other  boiler  shutdown  periods.  200  operational  days  per  analyzer  or 
a  total  of  2320  analyzer  test  days  were  available  for  the  program.  Oi 
the  total  available,  1018  analyzer  days  of  testing  were  actually  accru¬ 
ed  due  to  underway  failures  of  malfunctions  ot  three  (3)  analyzers. 
Table  3.  1  below  breaks  down  the  total  operational  days  on  a  per  ana- 
1 yze r  bas is  . 


TABLE  3.  1.  BREAKDOWN  OF  TEST  DAYS 
AVAILABLE  PER  ANALYZER 


Analyze  r  Color  /  Type 

Boiler  Test  Days  for  Which  D 

- 

Available 

I. 

Blue  / In -Situ 

Sta  rboa rd 

2b  o 

2. 

Red/ Extractive 

Sta  rboa rd 

2bn 

3. 

Yellow  /  Extractive 

Sta rboa  rd 

2<i  n 

4. 

Gold  /  Ext  met  ive 

Sta  rboa  rd 

127 

6. 

Black /In -Situ 

Port 

24  6 

6. 

W  hite/  In-Situ  - 
Extractive 

Po  rt 

bp 

7. 

G  r een/ In  -Situ 

Port 

290 

8. 

Orange/ In-Situ 

Po  rt 

2b  0 

TOTAL 

1918  Days 

The 

fo  r 

•  results  obtained  are 

each  of  the  evaluative 

discussed  in  detail  in 

1  criteria. 

tin.'  following 
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•i.  1  I  n-Sc rv  ice  Pi  rlorm.inc 


I 

1 

I 


ln-srt^  k  c  ihTl'orm.irn'i'  evaluation  of  l.k  Ii  analyzer  was  ba-.  <l  .,n  the 
analysis  ol  qu.i  i  ita  t  ive  and  quant  itative  data  gatln  r<  d  i  ■  •  r  tin-  ;dl  ov.  n  a 
cIm  rai  tr  last  les  :  ability  to  opt*  rate  continuous  ly  and  unattended.  r*  span-' 
and  sensitivity  to  %  O  >  changes  in  th<-  sampled  g.i-  and  tin  ..  b;!  1 1  v  to  pro¬ 
duce  accurate,  stable  readings. 

All  ol  the  unit's  evaluated  were  more  than  satisl.u  tur\  in  their  enlitv  t  • 
operate  unattended.  The  extractive  units  as  a  precautionary  step  had  tt.< 

,iir  supply  filters  or  moisture  ext  r-u  tors  for  their  asper.it  w  *  if.  .  it 
lilnwn  down  dailv.  Those  in-situ  units  (black  and  white)  win*  h  w.  is  or 
vided  with  meter  c;il  ibration  circuits  and  semi  or  fullv  automat  i*  .  ali'or  ;  - 
t  ion  features  (blue  analyzer)  also  allowed  for  quick  and  more  t  r*  qu>  r.t 
check  and  adjustment  of  meter  calibration  by  the  operating  engineer,  it 
desired.  All  of  the  analyzers  were  capable  of  providing  a  .  ontinuou-  •<:  - 
out  of  "a  O,  concentration.  Two  ol  the  units  furnished  (gr*-*  s.  yli  >w  )  du: 
not  provide  <1  meter  for  displaying  this  value.  However,  tin  \  w  <  re  r  - 
curded  cont  inuously  on  the  automatic  strip  chart  recorder.',  Both  if  tin-' 
.analyzer  manufacturers  will  provide  a  read-out  of  u'o  0>  as  an  option  mr 
the  ba  s  ie  analyzer  package. 

Timed  tests  were  conducted  at  the  end  of  each  voyage  to  determine  re¬ 
sponse  times.  Response  time  for  this  evaluation  was  considered  tie 
length  of  time  required  by  each  analyze  r  to  reach  bp'T,  of  tin  final  -le.eiv 
state  van.  >  of  a  known  concentration  of  oxygen.  This  was  ,<  ccompl  i-  1  eci  b  v 
introducing  a  flow  \%  0>  calibration  gas  into  each  unit  which  had  been  moo  ¬ 
ing  the  oxygen  content  of  the  boiler  flue  gas  and  timing  each  mac  hine's  re¬ 
sponse  to  the  introduction  ol  this  known  O;  concent  rat  ion  change.  Un¬ 
check  was  performed  for  each  unit  at  the  end  of  each  test  voy  gi  it  tin  a  n.»  1  - 
yzer  was  functioning.  For  example,  if  the  value  read  in  tin  uptake--  prior 
to  introducing  the  calibration  gas  was  ll.d"o,  a  stop  watch  would  In  -toft,  e 
when  the  reading  began  to  tall  after  1  lowing  the  calibration  ga-  •  *ve  r  the  o  i  ’. 
and  was  stopped  w  hen  the  indicated  reading  reached  •>.  8-:..  O  >.  1  his  pi-  *- 

cedar*-  was  then  repeated  after  the  indicated  value  reached  it-  final  -te.uiv 
state  value  by  securing  the  flow  calibration  gas  and  re-introducing  tin 
boiler  flue  gas.  Table  3.d  presents  the  response  time  ol  e.u  h  ana!  v  z  *  r  o 
averaged  over  the  test  period. 

The  extractive  inaly/.ei's  were  generally  quicker  responding  than  t  la  in-  it  1 1 
devices  probably  clue  in  part  to  the  taster  flow  ot  sample  ga  -  r  tic 
cell  induced  by  the  air  asperator  loop.  Also,  re-pons*  tmn  t.  ini*  u  t  . 

crease  a  direct  (unction  *  if  time  in  cont  it  u<  >us  service  tor  ■  •  *  <  i  i  a  r  .  1  v  .•  •  r 

It  should  be  noted  that  tills  test  was  lias*  1  on  respons*  a-  ih-ei'i.  *1  *n  tin 

d  is  pi  a  y  I  a  *  *  ■  o  r  st  r  i  p  *  ha  rt .  A*  t  ua  1  *  el  1  volt  a  ge  r<  ■  s  pen  -  *  l  -  t  v  p  n  *  !  1  \  >  n 

til*'  order  ol  m  i  1 1 1  -  seconds. 


J 


TABLE  1.  Z:  ANALYZER  RESPONSE  TIMES 


Ana  1  y ze  r 

Average  Response  Time 

Quoted  Respoi 

Gold 

5 .  6  seconds  (  1  ) 

(Z) 

White 

5 . 8  seconds  ( 1  ) 

5  seconds 

Black 

7.  1  seconds  ( 1  ) 

8  secunds 

Red 

1 Z  seconds 

11  seconds 

Blue 

IZ.  3  seconds 

r 

Q 

7. 

X 

O  ra  nge 

1^.8  seconds 

3  seconds 

Ye  1  low 

1  3.  Z  seconds  (  3  ) 

8  seconds 

( I  ree  n 

13.7  seconds  (  3  ) 

1  second 

(1)  Based  on  partial  data  due  to  analyzer  failure 
(Z)  Not  provided 

(3)  Read  from  test  strip  chart  recorders 


Warm-up  time  was  recorded  for  each  analyzer  during  initial  start-up  at 
the  beginning  of  the  at-sea  evaluation  and  just  prior  to  rip-out  of  the  test 
■  ns  tall.it  ion  at  the  end  of  this  period.  Start-un  time  is  the  length  of  time 
required  by  an  analyzer  to  reach  a  fully  operational  steady  state  condition 
I  rum  .i  cold  condition.  The'  in-situ  devices  were  found  to  be  considerable 
taster  than  the  extractive  units.  This  is  probably  due  in  part  to  tin  con¬ 
siderably  higher  than  ambient  temperatures  maintained  in  the  cell  heater 
and  the  temperature  stabilization  time  required  for  extractive  units  due  to 
their  location  external  to  the  uptakes.  Table  3.  3  presents  the  results  of 
tie  s,,  warm-up  tests.  No  significant  difference  in  these  times  was  •!.  <1 
tor  the  initial  and  final  tests. 


TABLE  3.  3:  AVERAGE  ANALYZER  WARM-LJP  11MES 


Ana  I  y  ze  r 


Ave  rage  Warm-Up  Time  Quoted  \\  a  rm  -  Up  1  inn 


B  lue 
O  ra  nge 
13  lack 
( i  recti 
White 
Gold 
Y e  l  low 
Red 


ZZ  minutes 
Z(i  minutes 
3  1  mi  nut  e  s 
3  3  minutes 
35  minutes  ( 1  ) 

5  7  minutes  (  1  ) 
minutes 
11  minutes 

(1)  Initial  sta  rt -up  only;  not 

functioning  at  the  end  ot  the  test. 


(>0  m  intil  e  s 
3  ( )  minutes 
t>0  minutes 
3  0  minutes 

( '  ( l  minutes 
t><)  mi  nut  e  s 
1  Z  0  mi  nut  e  s 
1  Z  0  m  unit  e  s 


I’ll  rough -out  the  at-sea  test  and  evaluation  period  during  underway  steady 


state  steaming  conditions,  shipboard  operating  personnel  recorded  a 
once  daily  %  02  reading  using  the  non-continuous  orsat  wet  chi- mitral 
method  (accepted  as  a  standard  for  such  organizations  as  the  E  FA  and 
ASMb).  Initially,  this  reading  was  intended  to  be  a  test  standard  for 
the  actual  reading  of  oxygen  concentration  in  each  boiler  uptake  at  a 
given  time.  These  readings  were  then  to  be  compared  to  test  analyzer 
values  of  %  as  taken  from  the  strip  chart  data  at  the  same  time  (0400) 
each  day  at  which  the  orsat  readings  were  recorded.  Approximately  100 
days  of  data  were  extracted  and  compared  during  which  the  boilers  were 
operated  at  80  to  85%  of  their  rated  capacity.  It  was  determined  that  for 
about  95%  of  the  data  reviewed  the  test  analyzers  read  considerably  high¬ 
er  than  the  orsat  method.  This  is  shown  in  Table  3.4  as  average  readings 
for  the  analyzers  and  orsat  oxygen  concentration  in  each  boiler. 


TABLE  3.4:  AVERAGE  ANALYZER  AND 
ORSAT  READING  COMPARISONS 


A  na 1 y z  e  r 

B  o  i  1  e  r 

Average  orsat  % 

Average  Analyzer  %  O > 

1 

j 

Blue 

Sta  rboa rd 

Z.  11 

3.  Z4 

1 

ti 

Red 

Starboard 

2.  1 1 

3.  74 

Gold 

Sta rboa  rd 

Z.  1 1 

3.  96 

Y  e  1  low 

Starboa  rd 

Z.  11 

3.  5Z 

i 

Black 

Port 

Z.  34 

3.  15 

Orange 

Po  rt 

Z.  34 

4.  OZ 

G  reen 

Port 

Z.  34 

3.  19 

White 

Po  rt 

Z.  34 

3.  Z2 

i 

j 

The  obvious  trend  in  orsat  readings  being  below’  the  analyzer  values  (by 
as  much  as  70%,  see  Figure  3.  1)  was  the  reverse  of  what  should  have 
actually  occurred.  Orsat  is  a  dry  sampling  technique.  Gases  removed 

from  the  stack  for  orsat  analysis  are  filtered  and  cooled  to  ai  .cnt  or  1 

slightly  above  ambient  engine  room  temperature.  This  results  in  conden-  ^ 

sation  of  water  vapor,  a  product  of  combustion  which  has  been  cooled  well 
below  its  dew  point  temperature,  to  be  removed  from  the  sample  gas  flow- 

prior  to  entering  the  orsat  chemical  reagent  apparatus.  The  result  is  a  j 

reading  that  can  be  as  high  as  8  to  10%  above  a  wet  gas  reading  (depending  j 

on  the  fuel  type)  taken  with  a  device  such  as  a  zirconium  oxide  analyzer.  :.j 

In  the  case  of  this  type  of  analysis  wet  gas  flows  across  a  cell  maintained  ’ 

at  a  constant  temperature  between  1100  and  1500°F.  At  this  temperature  !> 

the  water  vapor  stays  in  vapor  form  and  passes  over  the  cell  as  part  of  |j 

the  flue  gas.  Figure  3.  1  presents  the  relationship  of  wet  and  dry  flue  gas  j] 

oxygen  analysis  to  excess  air  supplied  for  combustion.  I] 
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Those  factors  along  with  the  absolute  values  of  the  orsat  %  0,>  readings 
versus  analyzer  %  C>2  readings  also  made  orsat  unacceptable  as  tin- 
standard  for  this  evaluation.  This  is  duo  to  the  fact  that  the  orsat  system 
is  potentially  subject  to  significant  human  error  in  such  forms  as  opera¬ 
tion  and  use  of  the  system,  interpretation  of  results  or  failures  to  prop¬ 
erly  maintain  chemical  reagents  and  filtering  and  other  support  systems. 

Tin-  zirconium  oxid-  analyzers  as  tested  here  eliminate  almost  all  of 
this  error  source.  This  possibility  is  further  supported  by  the  relatively 
close  grouping  of  average  analyzer  %  values  for  each  boiler  as  pre¬ 
sented  previously  in  Table  3.4.  Based  on  this  analysis,  accuracy  in 
terms  of  correctness  of  reading  versus  the  true  value  over  the  course  of 
this  at-sea  endurance  test  is  felt  to  be  more  representative  in  the  form 
of  the  calibration  drift  checks  presented  later  in  Paragraph  3.  i. 

FIGURE  3.1 

WET  vs  DRY  GAS  MEASUREMENT  OF 
OXYGEN  AS  AN  INDICATOR  OF  EXCESS  AIR 


%  EXCESS  A  I R 


3.  2  Repeatability 

Initially  repeatability  was  felt  to  be  available  from  analysis  of  the  strip 
chart  trace  recordings  of  actual  boiler  flue  gas  content.  However,  to 
obtain  a  true  picture  of  the  repeatability  of  an  analyzer,  data  is  required 
across  the  complete  ope:  ting  range  of  the  machine.  The  at-sea  data  for 
boiler  flue  gas  oxygen  content  recorded  during  steady  state  operation 
ranged  from  about  2.  5%  to  4.  5%  O^.  In  port  stack  gas  oxygen  content 
was  maintained  from  12%  to  15%  O,.  Sample  traces  have  been  provided 
in  Figures  3.  2  and  3.  3.  This  lack  of  data  from  prolonged  operation  at 
various  oxygen  concentrations  from  .5  to  20.9%  O ^  resulted  in  the  util¬ 
ization  of  the  detailed  calibration  check  data  obtained  at  the  end  of  each 
test  voyage  to  calculate  a  repeatability  for  each  unit  which  was  to  repre¬ 
sent  the  characteristic's  average  for  each  machine  value  over  the  dura¬ 
tion  of  the  test.  The  gold  unit  which  failed  during  all  three  voyages  of 
this  evaluation  was  eliminated  from  repeatability  determinations  as  it 
was  considered  as  an  essentially  new  unit  after  each  servicing. 


Briefly,  readings  were  taken  from  the  analyzer  displays  or  strip  charts 
where  no  other  display  was  provided  while  flowing  2%  O?,  3%  O^,  10% 

O^j,  15%  calibration  gas  and  air,  20.  9%  C>2  ac  ross  the  cell.  This 
procedure  was  then  repeated  starting  with  air  and  working  back  to  2%  O^. 
The  data  for  each  analyzer  was  then  used  to  determine  repeatability  by 
calculating  the  root  mean  square  deviation  of  the  errors  recorded  for 
the  ten  samples  of  gas  flowed.  This  calculation  is  expressed  mathemati¬ 
cally  below. 


Repeatability  - 


N 

I<x,-x)z 


I 


Where:  N  -  number  of  samples 

X  =  %  value  of  calibration  gas 
Xj-  actual  reading  recorded 
(Xj-X)r  Indicated  Value  Less  the  True  Value 

Table  1.  S  presents  the  average  repeatability  as  a  percentage  of  the  read¬ 
ing  ol  each  machine  as  determined  over  the  course  of  the  at-sea  endur¬ 
ance  as  well  as  quoted  repeatability  where  available.  Generally,  repeat¬ 
ability  of  the  machines  tended  to  improve  as  the  at-sea  test  and  evalua¬ 
tion  progressed.  All  of  the  recorded  errors  were  found  to  be  on  the  high 
s  ide . 
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FIGURE  3.2 

TYPICAL  %  02  TRACE 
RECORDING  AT  SEA 
(  STBD  BOILER  ) 


O  I  23456789  10 

%  OXYGEN 


FIGURE  3.3 

TYPICAL  %  02  TRACE 
RECORDING  IN  PORT 
(PORT  BOILER) 


TABLE  3.  5 


AT-SEA  ENDURANCE  TESTING 
CALCULATED  AVERAGE  REPEATABILITIES 


Ana  lyze  r 

Test  Repeatability 

Quoted  Repeatability 

Red 

+  .43% 

t  .  Z% 

Blue 

+  .  53% 

(4) 

Green 

+  .61% 

(4) 

White 

+  .  77%  < J) 

(41 

Bla  ck 

+  .  78%<2) 

+  1  O' 

-  .1/0 

Orange 

+  1.  51% 

(4) 

Yellow 

+  1.  66% 

(4) 

Gold 

(3) 

(4) 

(  1)  Based  on  one  voyage. 

(Z)  Based  on  two  voyages. 

(  3)  No  data 

on  each 

available  due  to 

voyage. 

failure 

(4)  Not  provided. 
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4.  5  Calibration  and  Reca  1  ill  ration  Kcqui  rcnunt 


Calibration  was  checked  on  uadi  analyzer  during  s  rt-up  and  at  the 
end  of  each  voyage  during  the  test  period  utilizing  tin-  calibration  gases 
previously  listed  and  desc  ribed  in  Section  d  L.  i.  1.  Tin-  use  ni  i  i-rti- 
fied  calibration  gases  of  various  %  oxygen  content  m  an  inert  back¬ 
ground  was  unanimously  rec  ommended  and  agreed  on  by  all  analyze  r 
manuf.ict  u  re- rs  as  being  the  only  accurate  and  meaningful  method  to 
check  calibration  dritt  and  adjust  the  c  alibration  ot  a  unit,  it  required. 
Table  4.  6  presents  a  composite  of  results  tor  each  analyzer  as  t!,( 
average  error  in  pe-cent  O^,  over  the  range  ot  c  alibration  gases  (lowed. 

Gene-rally,  the  calibration  drift  of  those  units  wine  h  functioned  continu¬ 
ously  throughout  the  test  period  tended  to  improve  with  time. 

The  complexity  involved  with  recalibrating  an  analyzer  to  ,  orn  c  t  t!a 
observed  drift  varied  greatly.  Generally,  the  process  -it  c  alibration 
checking  and  recalibration,  by  design,  was  more  complicated  lor  in  - 
situ  analyzers  than  for  extractive  analyzers. 

This  is  due  to  the  fact  that  the  physical  placement  of  the  zirconium  ox¬ 
ide  cell  in  the  flue  required  more  extensive  calibration  accessories 
than  did  the  extractive  analyzers.  The  in-situ  analyzers  (blue,  green, 
black,  orange,  white)  required  reference  gas  and  c  alibration  gas  ;  >  in- 
delivered  to  either  side-  of  the  cell  in  very  specific  I  low  rites.  1  li¬ 
ma  nu  fa  c  tu  re- rs  of  the  in-situ  machines  addressed  tin-  need  bv  -upplyiiu; 
calibration  accessories  as  standard  items.  All  ul  tin  sc  m.n  him  s  wee 
equipped  with  calibration  gas  flow  meters,  valves  and  tittmgs.  1  In  cal¬ 
ibration  panel  was  the  most  sophisticated  approach  provided  >nd  tin  type 
easiest  to  operate.  Typically,  the  calibration  .h  c  c-ss'irn-s  were  mounted 
on  either  a  pane  1  or  in  a  ca  binet  so  that  the  re  I  e  re  m  e  .  i  nd  c  .  1 1  ib  r.c  t  nu  i 
gases  could  be  permanently  connected  and  activated  by  simply  opening  .i 
petcock  or  turning  a  valve.  One  calibration  panel  (blue  analyze!')  was 
electronically  operated  with  control  circuitry  and  mini-solenoid  valves 
for  span  and  zero  checks.  All  of  the  analyzers  th.il  wa  re  equipped  with 
calibration  panels  could  have  the  panels  mounted  remotely  Irani  tlu  sen¬ 
sor  (uptake  area)  and  closer  to  the  control  panel  (console  area)  wlm  h 
would  be  preferable  from  an  operational  standpoint. 

The  extractive  analyzers  (reel,  gold,  yellow)  required  that  c  ahbration 
gas  be-  led  to  the  sensor  calibration  port,  while  tin  otln-r  side  ot  the  >  .11 
was  exposed  to  at  mos  phe  re  (air)  None  of  the  «■  xt  r.i  <  live  units  ,  .  i  un¬ 
equipped  with  flow  meters,  isolation  valves,  tubing,  pressure  regulators 
etc.,  rc-qui  red  to  properly  meter  the  c  a  I  ib  ra  t  ion  gas  across  the  cell. 
However,  flow  rates  and  c  alibration  gases  were  spec  died.  Also,  thm 
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table  3.6 


ANALYZER  CALIBRATION  DRIFT 
CHECK  RESULTS 


A  na  ly/.e  r 
C  o  1  o  r 


Rod 
Blue 
G  roen 
O  ra  nge 
Yellow 
Black 
White 
Cold 


Average  Reading 

s,  A 

±  %  0 

J 

Sta  rt-Up 
3/30/80 

V  o  ya  g  e  1 
6/10/80 

Voyage  2 
9/18/80 

Voyage  3 

1  /26/81 

0 

+ 

.  7 

f 

.  6 

+  .  2 

0 

+ 

.  6 

+ 

.  4 

■»  .  6 

0 

+ 

1.  2 

+ 

.  4 

t  .  3 

0 

+ 

3.  0 

+ 

.  5 

t  .  q 

0 

2.  7 

f 

.  5 

-  J.  3 

0 

+ 

.  I 

t 

1.  1 

-  -  - 

0 

- 

1.2 

(1) 

m 

0 

(  1) 

( J) 

(1) 

Ave  rage 

For  Test 

% 


f-  .  375 
.  .  43 
t  .43  4 
■  i.  I 


Quot  i'd 
sit! 


-  .  J  /mo. 


Analy/.ers  failed  during  the  voyage  and  were  repaired  and 
restored  to  their  start-up  condition  prior  to  the  beginning 
of  the  next  voyage. 


Long-term  calibration  drift. 


Not  a va i  table  . 


.irrangcim'iit  required  that  the  calibration  gas  be  started  at  the  analy¬ 
ze  r  sensor  (uptake  area)  and  that  the  adjustment  be  made  several 
levels  below  at  the  control  cabinet. 

None  ot  the  analyzers  evaluated  were  supplied  with  calibration  gas  by 
the  manufacturers.  These  we  re  obtained  separately  from  a  specialty 
gas  company  for  the  at-sea  test  and  evaluation.  Once  set  up,  calibra¬ 
tion  checking  of  the  analyzers  was  felt  to  be  well  within  the  capability 
ot  a  typical  shipboard  operating  crew.  However,  the  complexity  associ¬ 
ated  with  thi'  adjustment  of  calibration  as  determined  by  observing  ser¬ 
vice  technicians  and  a  review  and  analysis  of  instructions  outlined  in  the 
instruction  manuals  provided,  varied  greatly. 

The  calibration  procedures  provided  for  all  of  the  analyzers  with  the 
exception  of  the  blue  machine  required  manual  readings  of  electrical 
components  and  circuitry  within  the  control  cabinet.  Simplistically, 
these  adjustments  centered  on  recalibration  of  the  meter  or  display  cir¬ 
cuit  and  the  zirconium  oxide  cell.  The  meter  calibration  allowed  for 
adjustment  of  the  meter  to  read  the  value  of  the  ealibration  gas  flowed. 
Depending  on  the  analyzer,  adjustments  for  zero  and  span  were  provided. 
The  black  (in-situ)  and  white  (in- situ  with  an  asperntor  loop)  analyzers 
provided  dials  on  the  control  cabinets  doors  which  allowed  for  meter 
circuit  adjustment  without  opening  the  control  cabinet.  The  remainder, 
excluding  the  blue  analyzer,  required  adjustment  via  potentiometers 
mounted  on  Printed  Circuit  Boards  (PCB's)  inside  the  control  cabinets. 

Because  seven  (7)  of  the  eight  (8)  analyzers  measured  cell  output  ("<>  C)>) 
while  holding  cell  temperature  constant,  cal  ibrat  ion  checking  also  invol¬ 
ved  cheeking  cell  output  voltage  versus  temperature.  This  is  accomplish¬ 
ed  utilizing  a  digital  Volt/Ohm  Meter  (VOM)  to  read  cell  output  in  milli¬ 
volts  while  flowing  a  certified  calibration  gas  through  the  hot  cell  and 
comparing  the  measured  voltage  to  a  cell  output  voltage  versus  oxygen 
concentration  curve  for  a  fixed  temperature.  These  curves  arc  supplied 
by  the  vendor.  The  temperature  compensating  c  ircuitry  is  adpistcd  until 
a  milli-volt  reading  matching  that  of  the  milli-volts  shown  on  the  calibra¬ 
tion  curve  is  obtained.  Essentially  these  adjustments  raise  or  lower  the 
cell  temperature  to  obtain  the  desired  milli-volt  output  signal.  These 
adjustments  were  also  made  in  the  control  cabinets  on  PCB  mounted  poten- 
t  iomet  e  rs  . 

I  he  blue  analyzer  had  as  a  standard  feature  automatic  <  libr.it  ion  Ira  - 
lures  lor  meter  zero  and  span.  The  requirement  for  clunking  and  adjust¬ 
ing  cell  outputs  due  to  cell  heater  temperature  changes  was  unnecessary 
as  the  unit's  electronic  c  omponent  ry  font  in  nous  1  y  solved  fur  cell  temper¬ 
ature  as  well  as  oxygen  content  utilizing  the  Nernst  Equation. 
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Rccalibration  procedures  for  all  but  two  (3)  of  the’  units,  as  presented 
in  the-  instruction  manuals  were  felt  to  be  within  the-  capability  of  the 
ship's  operating  crew,  after  on-site  training  and  indoctrination  by  a 
factory  service  representative.  The-  recalibration  and  adjustment  pro¬ 
cedures  as  presented  in  the  green  and  yellow  analyzer  instruction  man¬ 
uals  were  felt  to  be  written  in  a  very  complex  manner  and  would  be  dit- 
ficult  for  shipboard  personnel  to  interpret  and  utilize.  I  bis  is  a  ve  re¬ 
import.  int  consideration  due  to  the  fact  that,  as  with  operational  relia¬ 
bility,  the  capability  to  adjust  and  calibrate  these  units  onboard  rather 
than  depending  on  shoroside  service,  is  an  absolute  requirement  tor  a 
marine  application. 


3.4  Maintainability 

A  wide  range  of  factors  were  evaluated  as  part  of  maintainability  under 
the  general  areas  of  installation  and  operational  requirements,  quality 
and  completeness  of  instruction  manuals  and  scheduled  maintenance  re¬ 
quirements  for  each  unit. 


3.4.  1  Installation  and  Operational  Requirements 

Sensor  Mounting  brackets:  Three  (3)  (white,  yellow,  gold)  out  o!  the 
eight  (8)  analyzer  manufacturers  delivered  their  units  without  sensor 
mounting  brackets.  Of  the  three  units  without  brackets,  one  (gold)  in  ¬ 
quired  threaded  pipe,  nipples  and  unions.  The  yellow  analyzer  required 
a  three-inch  pipe  flange.  The  pipe  fittings  required  for  these  brackets 
would  most  likely  be  found  aboard  ship.  The  white  analyzer  shipped  witi 
out  a  bracket  required  a  shop  fabricated  spool  piece,  special  flange  and 
a  gasket  for  the  main  in-situ  probe  and  another  return  pipe  assembly  tor 
the  sample  flue  gas  return  to  the  stack.  This  analyzer  sensor  was  the 
most  difficult  of  all  sensors  to  mount  because  of  the  special  brackets  an< 
return  assembly  and  the  requirement  for  two  stack  penetrations. 

Control  Cabinet  Enclosures:  The  control  cabinets  housed  the  elect  ronn 
printed  circuit  cards,  meters  and  wiring.  One  (1)  (blue)  ol  the  eight  (8) 
manufacturer's  control  cabinets  was  a  non-acceptablc  semi -protected, 
enclosure  with  exposed  electrical  terminals  on  the  back  of  tlu-  labinct. 
The  acceptable  enclosure  for  the  control  cabinet  was  waterpr  >ol.  ,is  d>  - 
fined  in  "l  IE  Kid  48  Recommended  Practice  for  filet  t  ru  al  lnst.ill.it  mus  mi 
Shipboard".  NEMA  4  enclosures  were  preferred  tor  this  seiwne. 

Two  manufacturers  whose  control  cabinet  s  were  NliMA  4  mi.  h.-u  n  s  had 
no  window  in  the  door  of  the  cabinets  in  order  to  view  the  <li-pl.iy  .it  tin 
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oxygen  nii-ter.  Without  a  window,  the  door  would  have  been  rrpi-.itol- 
ly  "dogged  and  undogged"  to  read  tin’  meter.  It  is  more  likely  that  tin 
door  would  have  been  left  ajar  which  would  make  the  enclosure,  at  best, 
a  general  purpose  enclosure.  Window  kits  were  purchased  and  installed 
in  the  doors  of  these  two  control  cabinets  in  order  that  the  doors  could 
In-  sealed  shut  during  the  test  while  allowing  the  oxygen  meter  readout 
to  be  viewed. 

liable  Requirements:  The  cabling  required  by  the  various  analyze  rs 
can  be  grouped  in  two  categories;  power  and  cont  rol  /  s  igna  1 .  Mu-  power, 
and  in  some  instances  the  control  cables,  are  not  supplied  as  part  ol 
the  standard  analyzer  package.  The  ship  is  expected  to  supply  accep¬ 
table  grades  of  cables  for  this  purpose.  The  power  cable  used  lor  all 
analyzers  (115V  AC  service)  was  TAVIA-4,  (3-conductor,  14  AWG, 
armored)  power  and  lighting  cable.  This  cable  is  generally  found 
aboard  ship.  Signals  from  the  control  cabinets  to  strip  chart  recorders, 
and  on  two  analyzers  (blue,  black)  from  the  temperature  control  modules 
to  control  cabinets,  were  conducted  by  TTRSA-1  (one  twisted  shielded 
pair  of  signal  conductors,  armored).  This  type  of  cable  is  not  common¬ 
ly  found  aboard  ship  and  would  have  to  be  ordered  from  she  reside. 

The  control  cable,  unlike  the  power  or  signal  cable,  is  a  unique  com¬ 
bination  of  conductors  that  connect  the  sensor  to  the  control  cabinet  cir¬ 
cuitry.  This  cable  is  a  non-stock  item  and  must  be  custom  la  id -up  in 
accordance  with  the  manufacturers  specifications.  The  attitude  towards 
supplying  this  vital  piece  of  equipment  by  the  manufacturers  varied.  I  he 
preferred  approach  is  to  have  the  manufacturer  supply  this  control  c.-'do 
as  standard  equipment.  As  standard  equipment  the  cord  <.ame  with  ; 
molded  quick  disconnect  end  at  the  sensor  to  facilitate  ease  of  di-assem¬ 
bly  for  repairs  to  the  sensor.  This  was  lelt  to  he  the  best  approach  lor 
in-s  ilu -sensors  as  they  had  to  be  completely  removed  from  the  uptake  to 
affect  repairs.  At  the  control  end,  these  vendor  supplied  control  cords 
came  with  numbered  wire  tags  to  make  hook-up  easier  and  lash  r. 

Four  (4)(black,  white,  orange  and  green)  ot  the  eight  (d)  analyzer-  came 
equipped  with  satisfactory  control  cables  that  had  quick  <  mmei  Is  at  the 
sensor  end  and  numbered  tags  at  the  control  cabinet  end. 

Of  the  remaining  four  analyzers,  two  (blue ,  gold ),  were  shipped  without 
a  control  cable,  one  (red),  was  equipped  with  non-acce plable  <  able  and 
the  last  (yellow)  was  equipped  with  four-leet  ot  cablt  .  1  he  non-  o  ,  ept  - 

able  cable  was  a  laifl-up  cable  of  the  correct  mu  It  i -conduct  o  r  -  ,  hut  tin 
cable  i  o  ve  r  i  ilg  was  s  1 1 1 1  po  1  y  -  v  iiivl.  To  make  this  cable  ,10  e  pt .  i  !>  1  e  ,  it 
was  pulled  through  spiral  wound  metallic  one-inch  Ilex-tube  with  a  nlu-tn 
cove  ring. 
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The  analyzer  with  lour  feet  of  control  cable  w.is  meant  to  have  the  t  m- 
trols  next  to  the  sensor  and  as  such  the  control  cabinet  could  not  be 
remotely  located.  A  junction  box  and  forty-live  teet  ol  armored  control 
cable  was  added  to  the  unit  in  order  to  mount  the  control  cabinet  re¬ 
motely  with  the  seven  other  units.  In  the  case  ol  two  ana  ly/.e  rs  <  nt 
without  t  he  required  specialty  cable,  the  operator  would  be  expected  to 
order  and  assemble  up  to  four  different  types  ol  cable.  The  tour  cable- 
would  tlu-ti  have  to  be  pulled  through  protective  flex-tubing  and  ('quipped 
with  special  end  littings.  The  process  of  making  u[j  these  control  cables 
was  time  consuming  and  expensive.  Non-standard  wire  sizes  and  types 
are  not  always  available  in  short  lengths,  and  minimum  purchases  ol 
100  to  S00  teet  may  be  necessary.  The  control  cable  is  well  worth ’.'liv¬ 
ing  as  an  accessory  from  the  analyzer  manul’acturer  rather  than  to  be 
made-up  by  an  electrician  in  the  ileld. 

The  importance  of  installing  the  correct  control  cable  cannot  be  over- 
stressed.  The  cable  is  the  link  between  the  sensor  and  electronic  con¬ 
trols  which  carries  the  cell  voltage  (O  , )  signal,  sensor  heater  current, 
and  heater  temperature  signal.  Many  of  these  cables  require  shielding 
and  precise  sizing.  The  cable  from  the  sensor  to  the  control  cabinet, 
in  most  cases,  should  not  be  over  SO  feet  in  length  because  resistances 
of  the  conductors  may  start  to  affect  analyzer  calibration.  The  units 
equipped  with  control  cables  were  factory  calibrated  with  their  own  ,  abb, 
thus  insuring  a  better  chance  of  being  in  calibration  once  (it  Id  installed. 
Units  equipped  with  pre-made-up  control  cables  specified  that  the  cable , 
il  too  long,  should  not  be  shortened  and  that  coiling  up  the  excess  would 
retain  the  factory  calibration  of  the  system. 

Air  Pressure  Regulators:  Air  pressure  regulators  were  required  fur 
all  of  the  analyzers  for  the  reduction  of  ship  control  air  (I  In  p-njl  t 
the  pressure  required  by  the  analyzer  for  asperation  and/or  calihrati 
purposes.  Six  (6)  of  the  eight  (8)  analyzers  came  with  high  quality  air- 
pressure  regulators  and  fittings.  The  two  (gold,  white)  that  did  u  U  were 
provided  with  standard  adjustable  air  pressure  regulator.-.  An  1 1  r  pres¬ 
sure  regulator  is  a  required  inexpensive  item  th.it  should  com.  a  -  -iand- 
a  rd  equipment  with  all  units. 


1.  4.  Z  Instruction  Manuals 

The  instruction  manual  provided  with  each  unit  is  a  u-rv  import  oil  to.  ,  1 
of  every  analyzer.  The  manual  should,  as  a  minimum,  n  lati  !,ow  t  .  it, 
stall,  operate  and  calibrate  the  analyzer.  hi  general,  ill  >;  the 
furnished  accomplished  this.  The  sec  tions  til  an  in-tru.  lion  m  oriol  tl  ■; 
ultimately  will  he  ol  the  greatest  importance  and  value  to  tin  .'it.  ■  r  it  o 
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and  result  in  e-ost  saving-  in  tin  1  ■■  -  .  :  1 1 .  n  ;  i  :  nte  n.t  n.  <•  .mb  re  - 

pair  sections.  On  1  v  t  It  ri  i  ■  (  r  i  ■  i .  w  -  .  i  r  :  -  •  I  .  t  ■  -  t  rui  t  1  ■  mi  Ii  ■  >  k  -  w  i  ■  tn  • 

tilt  tn  Ik-  complete  in  this  m-s  pci  t .  1  •  •  •  v.  :  i  ig  i<  !t  t-  >  •><,  i  i.  n  1 1  - 

plcte  ehe-ck  list  ol  into  rmat  i- m  win  I;  -n  da:  ■•!  in  rm  -  bed  -  id-  tit' 

standard  installation,  ope  l'at  n  m  rut  .  demotion  f.  t  i. 

v  Customer  s  pee  it  ua  t  ion  .uni  an.i  ly/«-  r  serial  number. 

Complete  spa  re  parts  list. 

Recommended  spare  parts  list. 

l_.ist  of  accessories. 

Common  errors  and  problems  guide. 

T  roubleshooting  guide. 

Part  location  and  numbering  guide. 

Recommended  maintenanee  xihe-dules. 

Spare  parts  ordering  in  tor  mat  ion. 

Calibration  curves  (cell  voltage  versus  "o  oxygen  and 
RID  resistance  i>r  thermocouple  voltage  y  ■  r  >  i :  - 
tempi-  rature-  ). 

Ins t a  1  la  t  ion  drawings. 

Drawings: 

Wiring  schematics 

Interconnecting  wiring/  PCI}  schematics 

Service  information  including  addresses  and  telephone 
numbers  of  area  repair  facilities, 
f  List  of  mate  rials. 

Recommended  c;i  lib  rat  ion  gases  and  sources. 

Two  other  serious  discrepancies  we  re  observed  with  regard  t  -  ln-trm  - 
t  ion  manuals.  The  first  being  that  two  of  the  manufacture  r>  (yellow, 
gree-n)  packaged  an  instruction  book  from  various  unive  rsal  eonm  -m  -'.tr¬ 
ill  their  product  line-  th<it  we- rt-  brought  together  !->  make-up  the-  n\\g.  a 
a  Hit  I  y/.e  r.  The-  Table  of  Contents  was  a  check -oil  let  ol  a  tew  bo  >ks  me 
drawings  from  a  much  longer  list  that  .applied  to  othe-r  a  s  st-mlil  ie  -  •  •  r  m; 
Assembling  an  instruction  book  in  this  manner  makes  for  .i  diseon!  inuit\ 
the  text,  eonfusion  and  a  greater  possibility  ol  a  pplii  ation  1  rr-ir.  I  in-  i 
exemplified  by  the  (act  that  the  printed  circuit  boards  in  one  .malv/.i  r 
(gri-cn)  were  revised  while  the  instruction  book  provided  si  hem.it  n  -■  ot 
older  units.  The  se-coml  (green  analy/.e-r)  se-rious  di- fie  iene  v  in  .-.n  m-t  n 
t  ion  book  was  an  exaggeratedly  complex  vlei  t  runic  method  ot  cheeking 
the  performance-  ot  the-  printed  circuit  hoards  and  calibration.  A  high  <:•■ 
gri-e  ol  familiarity  and  prolu  u  ney  with  electronics  terminology  and 
theory  would  he  required  to  understand  the  inst  ruetions  a-  written  I  h> 
instriu  lions  are  ot  very  lit  lited  value  it  not  written  in  term-  more  e  i-’.lv 
interpreted  by  shipboard  personnel. 
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The  pe-rienlic  rn.i  inte-nanee-  required  was  felt  to  be  mimm.il  tor  el!  ■mi:1.  - 
zers  onee  installed.  1’his  consisted  mainlv  d  ke-e-ping  surl.ues  lie  . 
soot  and  draining  moisture  extractor  filters  on  the  control  ,ir  Inn  -  r,- 
plied  for  asperation  and  calibration,  daily.  The  black  and  whit,  umi 
as  described  previously  provided  control  cabinet  dials  tor  adpi-tinc  nn  ' 
eiiauit  calibration  in  a  pirinamml  installation  with  a  built  -m  e  .  •  1 1 1  •  r  it  :•  a: 
loop.  These  units  would  allow  for  a  daily  cheek  of  itiel .  r  ,  . ,  !  i 1 .  r  . '  .  -  . 

The  blue  analyzer  had  automatic  features  and  these  could  be  ,p-  : 

will.  General.y  cell  oueiut  should  be  ea  1 1  b  ra  t  ion  edn-eke-d  .me  o;t  e  i: 
required  once  monthly. 


3.5  Repa  irabilitv 

With  fa  ilu  res  incurring  in  three  (  3 )  (white,  gold,  black)  of  tin-  <  ;ght  (M 
analyzers  and  the  program  guidelines  which  specified  repair  by  author¬ 
ized  service  technicians,  only,  quant itative  data  in  this  category  was 
somewhat  limited.  However,  qualitative'  data  obtained  from  a  review  ..mi 
analysis  of  de-sign  features,  installation  requirements,  ca  1  ib  ra  t  ion  and 
reca  1  ibrat  ion  procedure's,  instruction  manuals,  etc.,  provided  a  substan¬ 
tial  basis  from  which  to  identify  repairabil  ity  feature's  desirable  for  mar¬ 
ine  se  rvice. 

The  geild  (extractive'),  white-  (ln-situ  with  a  s  pc  ra  to  r  )  .  me!  black  (in-situ) 
analy/.e-rs  suffered  major  upsetting  conditions  that  r«-nde-  red  tin  unit  -  in  - 
ope-  rable-  during  portions  eif  the  test.  The-  geild  analyze-r  was  t  wieu- 
re-pa  ire-d  for  a  faulty  furnace-  te-mpe  rature-  control  eireuit.  The-  tempe-  ra  - 
turc  ceinl  rol  circuitry  is  de-signe-d  t  o  maintain  1400"K  (7h(il’t!)  in  t!u-  In-at  - 
eel  space-  around  tin-  e'e-11.  Both  failures  ware-  "shorfs"  in  the-  temporal  ure 
circuit  eontrul.  A  third  failure,  ielentical  tei  the-  first  tw>).  e>n  the-  final 
voyage  was  not  repaired.  The-  lurnaeu-  te-mpe-  rature-  cunt  rul  is  aeeaimp- 
lishe-d  by  an  e-lo.:t  ronic  ceimparitor  e  ireuit.  The-  furnace-  is  e-quipped  with 
an  e-mbe-dded  t he- rmocouplc.  Wnen  the-  lurn.ice-  is  too  heit  (above  set  point) 
fin-  tin  rmocouplc  output  exceeds  tin  set  point,  and  turns  the  lurn.iee  on. 
VVIn-n  the-  the  rnoe'Ouple-  output  IS  below-  the  set  point  the  heate-r  output  is 
increased.  Ide-ally,  the-  output  ol  tin  tlie-rnme-miplc  slnmld  mate'll  the  set 
point  and  the  e  omparitor  circuit  keeps  the  liirnae  e  on  set  point  with  soon 
limited  eye  ling  ot  the  turn  a.  e  voltage.  When  the  system  shorts,  the  Veil  — 
t .  I  ge  t  o  t  he  '  :  r  ij.it-  e  is  on  lull  ill  of  the  time.  Se  r  i-  "1  s  f  la  111. !  g  e  m  eiirrcd  to 
the  cell,  furnace,  tin  rinoi  miple,  wiring  and  housings  as  a  resu't  o|  the 
lurn.iee  over-lire-  i  .nMim  i  -unple-te-  l.ulure-  ot  the  an.ily/e  r. 

l-’oiir  other  .inalvz'-r-  (yellow.  orange,  green,  white  1  u-eil  the  K  1  l1  tin-rm 
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eouple  eompantor  t y P'-'  control  system  to  regulate  the  temperature  in 
the  furnace  with  successful  results.  The  problems  that  plagued  tin- 
temperature  circuit  in  the  gold  analyzer  appears  to  have  been  the  tault 
of  tin-  quality  of  the  components  used  and  not  the  general  theory  employ¬ 
ed.  The  white  analyzer  became  inoperative  due  to  blockage  of  the  asper¬ 
atin'  with  soot,  rust  and  corrosion.  The  white  analyzer,  unlike  the  other 
in-situ  units,  required  an  asperator  induced  flow  of  flue  gas  over  the 
cell.  The  asperator  was  fitted  outside  of  the  heated  path  that  the  gases 
must  travel.  Failure  to  heat  the  asperator  air  and  asperator  made  them 
eold  sinks  where  the  moisture  in  the  flue  gas  condensed.  This  conden¬ 
sed  moisture  trapped  soot  to  form  a  very  crusty,  corrosive  scab'  which 
continually  plugged  the  flue  gas  path  and  corroded  the  asperator  tip. 

Tlie  problems  associated  with  this  mode  1  analyzer  stem  from  it  not  being 
designed  to  handle  dirty  wet  flue  gas.  An  internal  asperator,  made  of 
corrosive  resistant  metal  and  operated  wdth  heated  air  would  have  pro¬ 
vided  better  reliability.  This  failure  was  repetative  and  occurred  on  all 
but  the  first  voyage. 

The  black  analyzer  suffered  an  electronics  failure  which  put  it  out  of  ser¬ 
vice  for  the  final  45  days  of  the  at-sea  test  and  evaluation  period.  This 
failure  occurred  to  a  PCB  component  in  the  meter  display  and  signal  con¬ 
ditioning  circuitry  housed  in  the  control  cabinet. 

All  of  the  manufacturers  offered  field  repair  of  their  analyzers.  However, 
this  statement  needs  qualification  with  regard  to  marine  repair,  availabil¬ 
ity  and  repair  expertise.  It  was  found  that  the  larger  companies  who  deal 
in  numerous  components  as  part  of  their  product  line  were  more  apt  to  have 
local  service  technicians  or  service  companies  whom  could  offer  service 
and  repair  of  the  oxygen  analyzer.  Whereas  for  the  smaller  manufacturers, 
the  technician  was  dispatched  from  the  factory. 

The  timing  of  marine  repair  and  ship's  scheduling  is  difficult  to  predict. 

It  was  found  that  most  factory  technicians  were  in  great  demand  and  as 
such,  required  a  great  deal  of  prior  notice  to  provide  service.  Factory 
service  was  best  handled  on  an  appointment  basis  which  for  marine  re¬ 
pair  requirements  is  totally  unacceptable  dm-  to  the  unpredictability  <>f 
ship's  schedules.  Also,  the  cost  of  factory  originated  service  was  found 
to  be  much  higher  than  local  service.  In  some  instances,  service  calls 
from  the  factory  approached  one-half  {1/d)  the  total  cost  ot  the  analyzer 
and  in  general,  were  twice  that  of  local  service. 
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Availability  of  local  repair  technii  ians  was  another  strong  point.  Olten 
only  d-1  hours  notice  is  possible,  and  due  to  short  travel  time,  it  was 
possible  lor  them  to  adapt  to  the  ship's  arrival  and  sailing  times.  How¬ 
ever,  factory  dispatched  technicians  displayed  a  greater  iamiliarily 
and  knowledge  ot  the  analyzers.  Ot  the  tour  technu  ians  sent  t  ruin  the 
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factory  to  perform  the  initial  start-up  and  calibration  ol  the  oxygen 
analyzer,  three  were  rated  as  good  and  one  as  fair.  Of  the  lour  ser¬ 
vice  local  repair  technicians,  only  one  could  be  rated  as  good,  tv.o 
were  fair  and  the  fourth,  unacceptable.  The  factory  dispatched  techni¬ 
cians  also  carried  spare  parts  where  local  technicians  did  not.  The 
following  is  a  qualitative  comparison  by  analyzer  of  service  and  repair 
expertise  as  observed  over  the  course  of  the  at-sea  endurance  testing. 


Analyzers  Serviced  by  Local  Technicians 


Analyze  r 


Expe  rtise 


Yellow 
Black 
G  reen 
Gold 


Good 
Fa  ir 

Unacceptable 

Fair 


Analyzers  Serviced  by  Factory  Dispatched  Technicians 


Analyzer 

Red 

Blue 

White 

Orange 


Expe  rtise 

Good 

Good 

Good 

Fair 


The  service  rates  for  a  technician  ranged  from  $30  to  $48/ITR  as  ol 
March  1980.  Travel  for  one  service  call  is  a  function  of  distance;  the 
highest  travel  expense  bill  encountered  was  $1,  085,  exclusive  ol  labor 
costs. 


The  cost  of  a  single  repair,  when  factoring  the  cost  of  repair  parts, 
can  range  between  1  0%  to  50%  of  the  initial  cost  of  the  analyzer.  There¬ 
fore,  it  is  essential  that  the  repairability  of  small  malfunctions  be  within 
the  abilities  of  and  performed  by  shipboard  personnel.  It  is  also  suggest¬ 
ed  when  purchasing  an  analyzer  that  analyzer  manufacturers  without  local 
service  representatives  be  querried  as  to  analyzer  ehangeout  and  factory 
return  and  repair  of  potentially  high  casualty  rate  items  such  as  the  stack 
sensor. 


The  hands-on  repairability  of  the  analyzers  is  a  function  ol  tin  number  .  •  I 
components  and  their  location.  The  location  of  the  control  cabinets  and 
electronics  were  identical  for  all  analyzers.  However,  the  a<  <  css  i  bi  I  it  y 
of  the  sensor  (where  most  of  the  maintenance  occurs)  was  bi  tter  Inr  tin 
in-situ  sensor  than  the  externally  mounted  extractive  sensor.  The 
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in-situ  sensor  can  quickly  be  unplugged  and  unbolted  from  its  stack 
location  and  brought  to  a  work  bench.  The  extractive  units  are  made 
to  be  repaired  in  place.  Repairing  an  analyzer  in  place  entails  working 
over  and  around  steam  pipes  in  one  of  the  hottest  regions  of  an  engine 
room.  This  is  not  to  say  that  an  extractive  analyzer  sensor  could  not 
be  designed  for  easy  removal  from  the  uptakes. 


1.6  Environmental  Influences 

All  but  one  of  the  analyzers  held  up  well  under  the  environmental  in¬ 
fluences  encountered  during  the  testing.  Only  one  of  the  failures  ob¬ 
served  (white  analyzer)  could  be  directly  attributable  to  an  environ¬ 
mental  related  cause.  This  was  the  continually  plugging  of  the  aspir¬ 
ator  provided  with  the  white  in-situ  as  described  in  Section  3.  5.  The 
following  is  a  synopsis  of  typical  ranges  and  values  of  key  environmen¬ 
tal  factors  in  which  the  test  units  for  the  most  part  functioned  success¬ 
fully. 


Control  Cabinet  Temperature: 
Sensor  aFUptake  Temperature: 
Moisture  (Maximum): 

V  ibration: 

Frequency  (Hz)  P 

1-4 
4-8 
8-14 
14-30 
30-100 

Variations  in  Electrical  Power: 
Voltage  +_  1  0% 

Frequency  +■  2.  5% 

Stack  Gas: 

Temperature:  290  to  330°F 


7  5°  to  1 05°  F 
9  0°  to  1  1  5 ° F 
95%  relative  humidity 

Amplitude  (peak-to-pcak )  (Ins.  ) 
0.400 
0.  1  00 
0.  010 
0.  010 
0.  002 


HC: 

Sootblowing : 
Ship's  Service  Air 
Pre  s  su  re 
Control  Air 


.  6  ppm 
Ringleman  3 

90-110  psig 

Filtered  and  Coalesced 


The  most  difficult  environmental  influences  for  the  analyzer  to  cope 
with  were  hydrocarbon  and  soot  contained  in  the  flue  gas.  Hydro¬ 
carbons  are  gaseous  by-products  of  incomplete  combustion.  The 
heated  zirconium  oxide  cell,  maintained  at  between  1100  and  lSOn"]'.  w, 
a  sufficient  temperature  to  cause  hydrocarbons  to  rapidly  oxidize.  The 
rapid  oxidation  around  the  o  1!  oepleated  the  surrounding  gas  of  oxygen. 
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causing  a  shift  in  oxygen  reading  toward  a  lower  value.  Enough  hydro¬ 
carbons  will  make  the  analyzer  read  zero.  The  level  of  hydrocarbons 
necessary  to  cause  a  zero  reading  would  also  produce  heavy  black 
smoke  in  the  boiler.  Sensing  "net"  oxygen,  while  hydrocarbons  are 
being  burned  in  the  cell,  will  lead  to  inaccuracies  in  the  readings.  Soul 
in  the  flue  gas  when  it  comes  in  contact  with  the  zirconium  cell  will  burn, 
causing  a  deficiency  of  oxygen.  The  reaction  of  the  analyzer  is  the  saun¬ 
as  for  hydrocarbons  except  that  the  soot  burns  longer  and  causes  sharper, 
more  rapid  movements  in  the  meter  readings.  Soot  ingestion  can  be  pro¬ 
tected  against  with  filters  in  the  case  of  in-situ  analyzers,  and  filters  and 
asperator  interruptors  for  the  extractive  units.  The  in-situ  units  have 
unglazed  porous  ceramic  filters  through  which  gas  could  pass  but  no  solid 
One  of  the  extractive  units  (yellow)  used  a  tight  mesh  sc  reen  in  the  end  ol 
the  sampler  probe.  Two  (red,  gold)  extractive  units  were  not  equipped 
with  filters.  Figure  3.4  presents  strip  chart  data  illustrating  analyzer 
hang  up  after  ingesting  soot  during  soot  blowing. 

Asperation  interruption  during  soot  blowing  should  be  provided  for  extra¬ 
ctive  type  analyzers  where  the  asperator  is  an  air  operated  eductor  which 
pulls  the  flue  gas  out  of  the  stack  and  across  the  cell.  In  most  cases  tin- 
soot  blowers  are  operated  twice  a  day  at-sea  utilizing  steam  lances  to  re¬ 
move  soot  and  combustion  deposits  from  tube  surfaces.  By  stopping  as¬ 
peration  during  soot  blowing,  soot  is  not  ingested  and  allowed  to  clog  tin- 
flow  paths  in  an  extractive  machine. 

Of  the  three  extractive  analyzers,  only  one  (yellow)  fully  addressed  this 
problem  and  supplied  the  air  solenoids,  pressure  switches,  and  in  true  - 
tions  to  cope  with  soot  ingestion.  A  second  (red)  analyzer  addressed  tin- 
problem  with  a  solenoid  valve  air  shut-off  but  left  it  up  to  the  customer  to 
supply  electrical  switches  and  control  wiring.  The  third  (gold)  extractive 
analyzer  did  not  address  the  problem.  Figure  1.5  presents  a  schemath 
of  a  typical  asperator  interrupter  arrangement.  Also,  the  number  ol 
parts  in  an  extractive  analyzer  out-number  those  in  an  in-situ  unit  as  the 
asperator,  convection  flue  gas  tubing,  air  interrupt er  solenoids,  swilchc- 
air  asperator  block  heaters  and  space  heaters  are  not  present  on  in-situ 
units. 


1.7  Presentation  of  Reading/ Into  rmat  ion 

The  following  is  a  breakdown  of  analyzer  %  O,  readout  lnrm.il  supplied 
standard  equipment  with  each  unit. 

1.  Digital  (blue) 

3.  Panel  Analog  Meter  (red,  black,  white,  orange,  gold) 

1.  Vertical  Strip  Chart  (yellow) 

4.  None  (green) 
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FIGURE  3.4 

TYPICAL  ANALYZER  HANG-UP 
DUE  TO  SOOT  INGESTION 
DURING  SOOT  BLOWING 


The  digital  readout  was  provided  utilizing  a  red  light  emitting  diode 
(LED)  display  with  a  black  background.  This  display  could  be  read  t  i 
the  tenth  of  a  percent  oxygen.  It  could  also  be  read  from  a  greater  dis¬ 
tance  than  the  panel  mounted  analog  meters  because  of  the  one-inch  high 
numerals  and  contrasting  colors.  This  form  of  display  was  the  over¬ 
whelming  favorite  of  all  shipboard  operating  personnel  interviewed. 

Five  (5)  analyzers  used  panel  meters,  tour  (black,  red,  white,  orange) 
with  linear  oxygen  scales  and  one  (gold)  had  a  logarithmic  oxygen  scale. 
(See  Figure  3.6).  These  meters  were  readable  close-up  and  varied  m 
size  from  3  to  5  inches.  The  numerals  were  approximately  one-lourth 
of  an  inch  in  height.  On  three  of  the  analyzers  (black,  orange,  white) 
range  switches  for  0  to  25%  CL  or  0  to  10%  scales  were  provided 
which  offered  increased  readability  of  the  display. 

A  vertical  strip  chart  was  supplied  with  the  yellow  analyzer.  The  display 
on  the  chart  was  non-dimensional  and  read  as  0  to  100%  of  scale.  There¬ 
fore,  some  interpretation  and  mental  calculation  would  be  necessary  to 
correlate  a  chart  reading  to  percent  oxygen.  This  was  the  least  visual 
and  most  difficult  to  read.  Also,  the  requirement  for  a  chart  and  pen 
drive  adds  another  complex  piece  of  electronic  componentry  to  the  sys¬ 
tem  that  must  be  maintained. 

One  analyzer  (green)  came  with  no  display.  The  only  means  of  measuring 
oxygen  was  with  a  ship's  portable  multimeter,  or  as  in  the  case  of  this 
test,  connection  to  a  strip  chart  recorder. 

The  presentation  of  additional  information  other  than  %  O,  that  can  In  ob¬ 
tained  by  looking  at  the  analyzer  control  cabinet  front  without  the  aid  ot 
multimeters  or  tools  varied  from  unit  to  unit.  The  presentation  of  this 
additional  information  was  evaluated  so  that  a  comparison  could  be  drawn 
of  the  potential  overall  usefulness  of  each  analyzer's  display.  It  was  lound 
that  the  analyzer  readouts  of  percent  oxygen  alone  with  no  other  supportive 
information  does  not  instill  complete  user  confidence.  Short  ol  calibrating 
the  analyzer  with  calibration  gases,  other  displayed  inlonn.il  ion  is  felt  to 
be  useful  to  the  operator  as  well  as  to  increase  his  <  ontidence  m  the  dis¬ 
played  O,  reading.  The  displays  ol  tin'  analyzers  tested  ranged  from  a 
unit  (blue)  that  was  equipped  with  self-diagnostic  s,  alarms,  and  condition 
indicator  lights,  to  one  unit  (green)  with  no  present.it  ion  ol  additional  data 
whatsoever.  The  indications  by  the  engineers  onboard  the  ship  were  very 
clear  m  that  they  felt  that  the  analyzer  with  the  most  complete  display  was 
preferred  and  more  correct  regardless  ol  whether  or  not  the  units  with  tin 
p  la  me  r  d  1  s  play .  were  correct.  1’he  plain  displays  (oxygen  emu  cut  rat  e  ui 
only)  and  in  austere  models  (no  displays)  require  a  multi-meter  and  inter¬ 
nal  checks  to  ascertain  and  obtain  much  ol  the  data  readily  available  on 
the  I  ront  panel  on  the  blue  unit. 
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FIGURE  3.6 

CONTROL  PANEL  MOUNTED 
ANALOG  METER  OISPLAYS 


{.  OXYGEN 

4  *  6 


RATING  TFur 


LINEAR 


The  following  is  information  based  on  operator  shipboard  and  shoreside 
personnel  inte rvie ws  and  opinions  that  is  felt  to  be  the  required  mini¬ 
mum  to  be  made-  readily  available  for  a  marinized  zirconium  oxide  based 
oxygen  analyzer.  Analyzers  currently  providing  some  form  of  these 
features  are  also  noted. 

*  Ce  ll  Temperature:  The  cel!  temperature  is  the  single 
most  important  piece  of  diagnostic  information  an  anal¬ 
yzer  can  display.  The  cell  temperature  is  a  controlled 
variable'  in  the  Nernst  Equation  in  all  but  one  analyzer 
(blue)  and  without  knowledge  of  its  proximity  to  the-  set 
[joint  confidence'  in  accuracy  may  suffer.  A  temperature 
readout  digitally  or  on  a  scale1  was  preferred.  This  fea¬ 
ture-  was  provided  by  the  blue,  orange-  and  gold  analyzers. 

Short  of  a  temperature  readout  in  degrees,  °F  or  '  C,  an 
indicator  light  either  blinking  or  of  variable  intensity  is 
also  useful  in  determining  if  the  heating  elements  were 
up  to  or  near  set  point  temperature.  This  feature  was 
provided  on  the:  red,  blue,  orange  and  white  units. 

*  Cell  Resistance:  Cell  resistance  may  vary  depending  upon 
age  and  condition  of  the  cell.  A  resistance  check  is  useful 
in  isolating  cell  failures  as  a  cause  of  analyzer  malfunction. 

This  was  displayed  on  the  blue  analyzer. 

*  Auto  or  Semi-Automatic  Span  Zero  and  Check:  This  feature 
provides  the  user  with  a  quick  calibration  check.  The  span 
mode  was  for  checking  the  calibration  with  air  on  both  sides 
of  the  cell  (reading  <10.95%),  and  zero  checks  were  made  by 
flowing  low  oxygen  content  calibration  gas  across  the  cell. 

The  difference  between  a  manual  calibration  and  this  type 
of  semi-automatic  calibration  is  that  the  analyzer  control 
cabinet  houses  the  valves,  switches  and  fittings  to  allow 

a  check  to  be  made  quickly  and  from  the  control  cabinet 
area.  The  advantage  of  this  arrangement  is  that  the  cali¬ 
bration  checks  may  be  done  more  frequently  and  quickly 
This  feature  was  provided  on  the  blue,  black,  orange  and 
white  analyzers. 

Alarm  Conditions  (Visual):  Alarmed  conditions  may  help 
the  user  by  bringing  his  attention  to  the  analyzer  display 
when  an  upset  condition  occurs.  Only  one  analyzer  (blue) 
in  the  test  addressed  the  status  and  set  points  of  the  .malv- 
zer  operation  by  providing  visual  colored  alarm  ligh!^ 
as  well  as  terminals  lor  additional  audio  alarms.  The 
status  and  set  points  for  which  the  blue  unit  provided  visual 
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alarms  were: 

Status  Indicators 

Optimum  oxygen  Green 

Larly  warning  (tor  low  oxygen)  Yellow 

Alarm  (high/low  oxygen)  Red 


Color  of  Light 


Set  Points  Rights  and  Displayed  Va lues: 


High/low  cell  temperature  Set  point/display 

Larly  warning  Set  point/display 

Alarm  (high/low  oxygen)  Set  point/display 


Cell  temperature,  system  diagnostics,  high-low  limit 
displays  and  auto-calibration  can  be  of  great  value  to 
the  operator  in  his  ability  to  maintain  and  repair  an  oxy¬ 
gen  analyzer.  Table  3.7  presents  a  detailed  summary 
of  the  display  features  and  options  provided  uith  each 
of  the  analyzers  evaluated. 
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TABLE  3.  7 

ANALYZER  DISPLAY  FEATURES  AND  OPTIONS 
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4.  0  CONCLUSIONS  AND  xxECOMMENDATIONS 


-4.0  CONCLUSIONS  AND  RKCOMMKNDA  I'lONS 


The  following  conclusions  and  rccommcnd.it  ions  c  nice  rn  me  Me 
board  application  of  commercially  available  zirionium  t 

tinuous  reading  oxygen  analyzers  to  the  monitor  mu  of  line  gas 
content  as  an  indication  ol  excess  air  are  otter*  <1  b:.-ed  ,1,  tie 
gathered  and  observations  made  during  th«  at  -  endur  its  .  t . 

and  as  described  in  the  previous  sect  ions  of  tins  report. 


Presently  as  indicated  by  the  endurance  testing  rv-uit- 
there  a  re  available  as  ol  t  -  the -s  he  1 1  equipment,  zircon¬ 
ium  oxide  analyzers  that  „  re  capable  oi  providing  con¬ 
tinuous  and  reliable  service  tor  ma  rine  boiler  line  a  .- 
oxygen  content  analysis.  This  was  best  illustrated  b\ 
the  fact  that  five  (S)  of  the  eight  (H)  analyze  rs  evaluated 
operated  continuously  without  failure  throughout  tin  ten 
(10)  month  endurance  test.  While  all  of  these  units  hau 
as  standard  or  optional  features  many  ol  the  require¬ 
ments  felt  necessary  to  assure  reliable  shipboard  -*  r- 
vicc,  no  single  machine  had  them  all.  Of  tin  analvzer- 
that  failed  one  was  extractive,  one  was  in--  nu  no  one 
was  a  combination  of  both.  It  was  the  gem  rTi  ,  a.-,  n- a- 
of  all  program  personnel  involved  that  the  m-.-ifu  r:>  ■  . 

generally  appeared  to  offer  the  best  c  om  bin,  a  ion  u !  a  - 
tuns  with  regard  to  maintenance,  repair  ,md  *  .  =  1  i  • .  i* . :  t  i  a 
cheeking  and  adjustment. 

Only  one  unit  provided  a  digital  display  format ,  It  v.  .t  -  . 
how.  ver.  t .  i  \  o  r  e  d  over  tla  either  analog  dispia  V-  ,l| 

ol  tin  shipboard  operating  porsunnel  que  r  r  :  er. .  IV  o 

the  units  were  pro'-lde<l  without  a  I .  V  'll  ■  '  a  a  ,  s  p  ia  \  1 1  .a 
a  "  ij  O  ,  read  m  g .  A  continuous  analog  or  digit  i  !  < !  i  -  i  > :  a  \ 
ol  flue  gas  oxygen  i  ontent  is  felt  t  i  lie  an  ih-oluh  re¬ 
quirement  for  shiohoard  appiie.it  ion  and  -h  add  n  a  :  .  ,  , 

s  ide  red  as  an  optional  fe.it  ire. 


A  large  part  ol  the  reliability  obtained  :r  an  Hu  anal 
during  the  evaluation  i  -  hit  to  he  due  h  >  I !,,  .an  li¬ 
ning  with  whil  ll  these  mills  were  111  s  I  I  I  I .  I  i  . ,  111  I  I  It. 

I  he  quality  and  .nnuiiiil  o|  support  iiil.inn.il  i  ai  i  .r  ,i 
lion  available  in  the  mstr,u  I  i-n  manual  :  ,  mi  ■-  In  d , 
greatly.  1  he  analyzer  tii.i  inii.it  tut'  r  !  i-  >u  1 1  i  !  .<  -  a  . 

v  I  the  pu  r  l  lla  e  S  p e  i  I  I  1 1  . 1  t  I  o  |1  ,  t  ■  '  -  U  pi  1 1  S'  till'  ill  la: 
detail.  I  In-  actual  installation  and  -t  iil-up  a  a  ■. 
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should  be  accomplished  as  quickly  as  possible.  Under 
no  circumstances  should  an  installation  be  attempted 
on  a  piece-meal  basis,  leaving  components  such  as  stack 
sensors  in  the  uptakes  in  a  non-operational  state  for  long 
periods  of  time.  This  approach  can  create  severe  opera¬ 
tional  reliability  problems  once  the  unit  is  placed  in  ser¬ 
vice.  As  part  of  the  purchase  agreement  an  authorized 
service  technician  should  be  provided  to  check  and  verify 
the  electrical  and  mechanical  installation,  to  start  the 
analyzers,  to  calibrate  and  adjust  the  system  as  required 
and  to  provide  limited  on-site  operational  and  maintenance 
oriented  training  for  designated  shipboard  operating  per¬ 
sonnel. 

Over  the  course  of  the  at-sea  endurance  testing  obtaining 
required  field  service  support  was  difficult.  Many  manu¬ 
facturers  were  unfamiliar  with  the  requirements  of  keep¬ 
ing  up  with  and  meeting  a  vessel  requiring  service  during 
a  coastwise  voyage.  A  clear  understanding  of  the  nature 
and  requirements  of  marine  service  should  be  indicated 
by  a  potential  vendor.  Availability  of  service  at  various 
ports  of  call  should  also  be  identified.  The  manufacturer 
should  also  be  required  to  identify  a  list  of  recommended 
spare  parts.  These  should  be  placed  aboard  the  vessel. 

This  action  ultimately  will  result  in  less  down  time  for  the 
analyzer  and  a  potential  savings  in  service  costs  as  ship¬ 
board  personnel  become  familiar  with  the  equipment  and 
are  able  to  perform  basic  repair  procedures. 

Calibration  gas  is  the  most  meaningful  standard  by  which 
to  check  and  adjust  analyzer  calibration  and  to  identify  any 
degradation  in  performance,  be  it  correctness  of  reading 
(accuracy)  or  repeatability.  This  gas  should  be  provided 
on  the  ship  in  concentrations  suitable  for  checking  the  com¬ 
plete  range  of  the  analyzer;  i.  e.  ,  2%  O^,  10%  and  15% 

03.  (Air,  20.  9%  O 2,  can  be  used  to  check  the  high  end.  ) 
Calibration,  as  a  minimum,  should  be  checked  at  least  mon¬ 
thly  if  semi-automatic  or  automatic  calibration  features, 
which  allow  more  frequent  checking,  are  not  provided.  A 
complete  overhaul  and  grooming  of  the  analyzer  should  be 
performed  annually.  The  cell  should  be  replaced  bi-annually. 
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5.  0  RECOMMENDED  STANDARD  OXYGEN  ANALYZER  SPECIFICATION 


( 


RECOMMENDED  SPECIFICATION  FOR 
A  MARINIZED  OXYGEN  ANALYZER 


Oxygen  Analyzer 
Sensing  Principle: 


Power  Requirements: 

Range: 

Ambient  Temperature: 
Electronics  Enclosure: 

Radio  Frequency 
Interference: 


Vibration: 


Cell  Temperature 
Controller: 


Line  Switches: 


Printed  Circuit 
Boards: 


Zirconium  oxide 


ELECTRONICS 

120V  AC,  +_  10%,  single  phase 

50/60  Hz,  <  1500  Watts 

0  to  20.  9%  or  0  to  25%  O^,  standard 

0  to  10%,  optional 

-  15°F  to  160°F 

NEMA-4,  watertight  and  dust  proof 
with  clear  windows  to  observe 
reading  without  opening  door, 

RFI  protected  per  Mil  Specs.  C501, 
R50I,  R502  and  R503,  at  a  field- 
strength  of  15  volts  per  meter 
from  housing. 

Protected  for  amplitudes  and  fre¬ 
quencies  of  these  magnitudes: 

1-4  CPS  (.  400  ins.  ),  4-8  CPS 
(.  100  ins.  ),  8-14  CPS  (.  030  ins.  ), 
14-30  CPS  (.  010  ins.  ),  30-100  CPS 
(.  002  ins.  ) 

Stabilized  solid  state  components  with 
ambient  temperature  compensation 
and  fail-safe  design  to  prevent  over¬ 
heating  of  cell  heater  and  cell. 

Electronic  component  isolation  switch 
with  power  on/off  indicator  light. 

Plug-in  type  with  slide-in  access  and 
labeled  adjustment  potentiometers 
and  test  points. 


Signal  Outputs: 

Isolated  linear  or  log  4-20  ma  signal 
with  at  least  500  ohms  load,  standard. 
Optional  signal  outputs  to  be  made 
available:  0-50  mv,  0-100  mv,  1-5 
ma,  10-50  ma,  0-5  v  and  0-10  v. 

System  Accuracy: 

+  0.  5%  oxygen  concentration  or  +  5% 
of  measured  value. 

Display: 

1.  Direct  continuous  reading  of  percent 

oxygen  (%  O2). 

2.  Cell  temperature  display. 

3.  Power  on/off  indicator  light. 

4.  Analyzer  temperature  status  (ready) 

light. 

Response  Time: 

90%  of  full  scale  in  less  than  5  seconds. 

Repeatability: 

+  .  2%  of  measured  value. 

Calibration  Drift: 

Less  than  .  1%  of  full  scale  per  month. 

SENSOR 

Power  Requirements: 

I20V  AC,  +  10%,  single  phase. 

50/60  Hz,  <  1500  Watts. 

Ambient  Temperature 
Range  at  Probe: 

-15  to  1 60°F 

Ambient  Temperature 
Range  at  Probe  Head: 

-15  to  400°F 

Process  Gas 

Tempe  rature: 

-15  to  1500°F 

Probe  Materials: 

Probe  construction  shall  be  of  304  stain¬ 
less  steel  with  316  stainless  for  inter¬ 
nals  in  direct  contact  with  stack  gases. 
Insulation  shall  contain  no  asbestos. 

Mounting  Bracket: 

Flanged  bracket  and  bolt  pattern  are  to 
be  ANSI  standard  and/or  NPT  threaded 
pipe  connections.  (Standard  for  short 
probes.  )  All  required  gaskets  and  bolt¬ 
ing  shall  also  be  supplied. 

1 
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Air  Requirements: 


Control  Cables: 


Installation  Drawings: 


Instruction  Books: 


All  necessary  filters  and  separators 
and  regulators  to  reduce  60-110  psi 
ship's  service  air  to  clean  dry  instru¬ 
ment  quality  air.  Also,  roto  meters 
and/or  pressure  gages  at  the  analyzer 
for  calibration,  asperator,  and  refer¬ 
ence  gas  flows,  as  required,  shall  be 
furnished. 


CABLES 

A  minimum  of  fifty  (50)  feet  of  the  multi¬ 
conductor  control  cable  from  the  probe 
to  the  electronics  temperature  control 
and/or  control  cabinet  shall  be  supplied 
with  the  analyzer.  The  control  cable 
at  the  probe  end  shall  be  provided  with 
a  quick  disconnect  plug.  The  cable  shall 
be  of  an  approved  type  for  marine  use 
with  protective  outer  armor  per  IEEE 
45. 


SOFTWARE 

Mechanical  prints  for  the  installation  of 
sensor  and  control  cabinet  and  electri¬ 
cal  schematics  for  power,  control  and 
signal  wiring  shall  be  furnished. 

System  Description 
Installation  Procedures 
Start-Up  Procedures 
Calibration  Procedures 
Calibration  Curves: 

Cell  mv  versus  % 

Temperature  versus  thermocouple  mv  or 
RTD  ohms 

Troubleshooting  Section 
Maintenance  Section 
System  Diagrammatics: 

Mechanical 
Electrical 
Wiring  Schematics: 

Electrical 

Electronic 


5-3 


Spare  Parts  Information: 
Recommended  Spares 
Price  List 

Ordering  Information 
Service  Information: 

Location  and  Telephone  Number 
of  Service  Groups 
Sources  of  Calibration  Gases 


MISCELLANEOUS 

Calibration  Equipment:  The  analyzer  shall  be  equipped  with 

calibration  port  rotometers,  pres¬ 
sure  gages  and  a  control  panel  as 
necessary  to  direct  and  control  the 
flow  of  calibration  and  reference 
gas  to  the  probe.  Calibration  gas 
shall  be  supplied  consisting  of  oxy¬ 
gen  in  a  nitrogen  background,  in  a 
concentration  specified  by  the  manu¬ 
facturer.  The  amount  of  calibration 
gas  shall  be  sufficient  for  one  year 
under  normal  operation. 

Factory  Test:  The  analyzers  shall  be  factory  tested 

for  a  minimum  of  three  (3)  days  of 
continuous  analyzer  operation  to  as¬ 
sure  that  the  analyzer  is  delivered  in 
calibration  and  is  free  from  all  known 
defects. 

Shipping  and  Packing:  The  analyzers  shall  be  shipped  in  rugged 

containers  with  expanded  foam  filler. 
Plastic  wrap  shall  protect  the  compon¬ 
ents  from  moisture  and  the  intrusion 
of  the  foam  filler  material. 

Warranty:  The  analyzer  shall  be  delivered  free  of  all 

defects  within  twelve  (12)  weeks  after  re¬ 
ceipt  of  order.  The  manufacturer  shall 
be  responsible  for  the  replacement  of  all 
defective  parts  that  fail  under  normal 
service  and  operation  for  a  period  of 
twelve  (12)  months  after  receipt  of  ship¬ 
ment.  The  manufacturer  shall  provide 
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service  free  of  charge  for  a  period  of 
six  (6)  months  after  installation,  ex¬ 
clusive  of  travel  and  expenses. 

Non-standard  probe  lengths  and  support 
brackets. 

Non-standard  control  cable  lengths  and 
protective  coverings. 

Automatic  calibration  control  and  panel. 

High  and  low  O2  alarms  and  lights. 

Cell  resistance  indicator  (digital  or 
analog ). 

High  and  low  cell  temperature  indicator 
lights. 

Early  warning  lights. 

Meter  range  selectors. 

Cell  test  jacks. 

Multi-probe  averaging  features. 

Power  supply:  220V  AC,  50/60Hz. 

High  temperature  probe  to  2800°F. 

Soot  blowing  interruptor  switch  for  asper- 
ator  (extractive  only). 

Air  controlled  asperator  shut-off  (blow 
back). 

Oxygen  calibration  gas  bottles  of  recom¬ 
mended  (2,  3,  10  or  15)  %  in  a  nitro¬ 
gen  background. 


APPENDIX  A 

SAMPLE  ANALYZER  TEST  QUESTIONNAIRE 
FOR  SHIPBOARD  OPERATING  PERSONNEL 


Oxygen  ( 0^ )  Analyzer  At-Sea  Test  &  Evaluation 


MarAd  Contract  No.  MA  79SAC-00039 

Analyzer  and  Test  Questionnaire 

Name:__ _ Rank  : _ 

Months  Service  STELLA  LYKES: _ 

1.  How  many  times  a  day  did  you  look  at  the  oxygen  analyzer  displays  9 

2.  Which  machine  display  impressed  you  the  most0  _ __ _ _ 

Why  ? _ 


1.  Which  machine  did  you  think  was  the  most  accurate  on  the  upper  tier  (Stbd)  0 


Which  machine  did  you  think  was  the  most  accurate  on  the  lower  tier  (Port)  '1 


5.  Which  other  machines  did  you  think  were  accurate  0 _ 

6.  Of  the  calibration  systems,  which  was  easiest  to  operated _ 

7.  Have  you  ever  run  an  orsat  ? _ How  long  does  it  take  to  run  a  typical 

O2  test  0 _ 

8.  What  value  is  the  information  an  0£  analyzer  gives  you0 _ 

9.  Did  you  consult  the  technical  manual  of  the  O2  analyzers  ? _ 

10.  Did  you  use  the  oxygen  analyzers  to  keep  trim  or  check  excess  air  at  sea  ? _ 

11.  Would  you  like  to  see  all  ships  equipped  with  oxygen  analyzers  in  the  future? _ 

12.  What  features  did  you  like  least  about  the  0.,  analyzers  ? _ _ 
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APPENDIX  B 

ANALYZER  START-UP  CERTIFICATION 


HOUSTON 


NEW  ORLEANS 


GALVESTON 


SCR VICCS  TO 

FAR  LAST 
MEDITERRANEAN 
UNITED  XINGOOM 
CONTINENTAL  CUROpf 
SOUTH  AND  EAST  AFRICA 
ME  ST  (NOICS 

NORTH  COAST  OF  SOUTH  AMERICA 


OWNERS,  OPERATORS  AND  AGENTS 


CABLE  "LYKES" 

6TKLLA  LYEEb 


branch  orricts 


•CAUNONT  ANTWERP 

BROWNSVILLE  BARCELONA 

CHICAGO  BRl  N  I  N 

CORPUS  CHRIST!  DURBAN 

DALLAS  GENOA 

KANSAS  CITT  LIVERPOOL 

LAKE  CHARLES  LONDON 

MEMPHIS  MM  » 

NOBILE  ROTTEROAM 

NEW  YORK  SAN  JUAN 

FORT  ARTHUR 
ST.  LOUIS 
TAMPA 

WASHINGTON 


*-iarch  3u,1560 


TO  /vHCw  IT  EAY  GCbCEhl : 


On  this  date  the  following  oxygen  analyzer  calibration  checks 
were  witnessed  and  the  units  sealed  for  the  connencenent  of 
the  U.6.  maritime  Adaiinistration  sponsored  at  sea  test  and 
evaluation  of  oxygen  (0-2)  analyzers. 


ilK  hix  ciiiiii 

CnL.  G/1.6 
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Gold 
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red 
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Yellow 
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Orange 
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black 
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10/ 

10/ 

DATb 


3/20/80 
3/26/80 
3/26/80 
3/26/60 
3/26/80 
3/30/80 
3/30/60 
3/ 30/ 60 


Joseph  L.  Gobroski 


Chief  engineer 


) 


H 


APPENDIX  C 

ANALYZER  INSTALLATION 
SPECIFICATION  AND  REQUIREMENTS 


This  general  installation  specification  provides  herein  the  overall 
scope  of  work  involved  in  an  oxygen  analyzer  installation  for  a  typical 
two-boiler  shipboard  application.  Subsequent  to  the  ordering  of  a  par¬ 
ticular  analyzer  a  detailed  installation  description  and  material  list 
will  have  to  be  formulated. 

Installation -Mechanical 

The  oxygen  analyzers  are  composed  of  two  basic  parts;  the  control 
cabinet  and  the  stack  sensor.  The  control  cabinets  are  to  be  located 
adjaci  "'-  to  the  operating  station,  and  the  sensors  are  to  be  located  in 
the  boi-er  uptake  above  the  economizer. 

A.  The  Control  Cabinets  in  general  are  NEMA  enclosures  which 
can  be  directly  mounted  to  angle  iron  frames;  2"  x  2-1/2"  x 
1/4"  stock  has  proven  satisfactory  material  for  the  frames. 

The  frames  should  be  fabricated  in  a  ladder  design,  mounted 
upright  and  welded  to  the  deck.  Stiffeners  and  angle  supports 
should  be  added  as  necessary  to  make  the  frames  solid.  Sup¬ 
port  pieces  to  be  fabricated  as  required  to  pick  up  the  mount¬ 
ing  ears  of  the  individual  control  cabinets. 

B.  The  Stack  Sensors  may  be  mounted  in  the  rectangular  uptake- 
section  directly  above  the  economizer  expansion  joint.  To 
mount  the  sensors,  a  square  of  uptake  insulation  is  removed 
and  the  uptake  penetration  is  made  by  targeting  from  the  mount¬ 
ing  flange.  Once  the  penetration  is  made  in  the  uptake,  the 
mounting  flange  is  welded  to  the  uptake  surface,  allowing  the 
sensor  to  be  bolted  onto  the  flange.  In  most  cases  the  mount¬ 
ing  flange  is  of  a  special  design  and  is  furnished  by  the  analyzer 
manufactu  re  r. 

C.  Control  Air  for  those  analyzers  requiring  it  will  be  supplied  by 

a  l/4"  copper  tubing  supply  line.  The  control  air  system  (dried, 
filtered  air)  will  be  tapped  and  valved  at  the  closest  point  and 
led  to  the  uptake  area  near  the  stack  sensors.  Each  sensor 
should  be  provided  with  its  own  1/4"  supply  line  and  an  isolation 
valve  (i/4"  NPT  gate  valve).  Flare  or  other  type  tubing  fittings 
and  tubing  to  piping  adaptors  should  be  provided  as  required. 


Installation -Electrical 


The  oxygen  analyzer  systems  will  require  three  types  of  wiring  for 

power,  control  and  signal. 

A.  Power  Cable  for  the  analyzers  should  be  run  from  a 
115V  AC,  60  Hz  power  source  to  the  control  cabinets  and 
in  some  instances,  to  the  stack  sensors  from  the  control 
cabinets.  The  cable  required  is  an  armored,  3-wire,  15 
Amp,  115V  AC,  14  AWG  cable.  This  is  standard  lighting 
cable  throughout  the  vessel.  As  an  estimate  at  this  time 
for  planning  purposes,  250'  will  be  required  along  with 
proper  termination  lugs,  approved  stuffing  tubes,  wire 
way  clamps  and  ties. 

B.  Control  Cable  for  the  analyzers  in  some  instances  is  of  pre¬ 
terminated  umbilical  cord  type  cable  of  a  special  design  and 
size  for  each  individual  analyzer.  If  supplied  by  the  manu¬ 
facturers,  it  will  only  have  to  be  run  in  the  wire  ways  and 
"plugged"  into  the  units.  A  detailed  specification  should  be 
written  for  any  cable  that  is  not  included  as  a  part  of  an  analy 
zer  package.  A  cable  of  specific  style,  as  required,  should 
be  laid-up  before  the  installation  date,  tagged  and  set  aside 
for  the  analyzer  it  is  to  service. 

C.  Signal  Cable  is  only  necessary  in  certain  instances  to  con¬ 
nect  the  control  cabinet  with  temperature  controls  or  the  is¬ 
olated  output  signal  to  various  loads  (strip  chart  recorders 
or  a  controller).  The  approved  cable  for  this  service  is 
TTRSA-1  (2  conductor)  armored  shielded  instrument  cable, 
which  has  one  twisted  shielded  pair  of  conductors.  This 
cable's  armored  shield  or  the  outter  bonding  mesh  is  to  be 
grounded  at  one  end  to  eliminate  noise  and  electrical  inter¬ 
ference. 

D.  Electrical  Hardware  necessary  for  the  installation  includes 
but  is  not  limited  to  stuffing  tubes,  wire  ties,  clamps,  ter¬ 
mination  lugs,  and  switches.  Upon  identifying  the  115V  AC 
panel(s)  to  be  used  for  power,  additional  15  Amp  circuit 
breakers  may  be  necessary  if  spares  are  not  available. 

(Two  (2)  breakers  are  required). 
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from  owner/operator  supervisory  personnel  and  vendor  field  repre¬ 
sentatives  are  estimated  to  be  as  follows  to  complete  the  installation 
in  a  two-day  period. 

Hot  Gang 

1  Burner 
1  Welder 
1  Layout  Man 

Shipfitters 

1  Pipe  Man 
1  Mechanic 

Electricians 


1  Qualified  Electrician 
1  Electrician  Helper 

The  work  force  may  have  to  be  adjusted  from  the  first  day  to  the 
second  day  according  to  the  progress  of  the  project. 


Manufacturer's  Representatives 

The  manufacturer's  representatives  should  be  onhand  for  technical 
information,  installation  assistance  and  start-up  calibration.  The 
representatives  should  instruct  the  owner's  representative  in  opera¬ 
tion  and  maintenance. 


BIBLIOGRAPHY 


Final  Report,  Evaluation  of  Techniques  for  Improving  Combustion 
Aboard  Ships,  U.  S.  Department  of  Commerce  Maritime  Admini¬ 
stration,  Contract  No.  6-38008,  February  1978. 

A  Practical  Operating  Guide  For  Tuning  Steam  Turbine  Propulsion 
Systems ,  U.  S.  Department  of  Commerce,  Maritime  Administration, 
Contract  No.  7-38067,  July  1978. 

Schroppe,  T.  ,  Marine  Boiler  Technology  For  Operation  in  the  1980's, 
Presented  at  the  Marine  Steam  Propulsion  Seminar,  New  York,  N.  Y.  , 
January  1978. 

Exxon  Corporation  (USA),  Fundamentals  of  Boiler  Efficiency, 
November  1976. 


